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LOAD ACTION ON’ ‘THIN 


CYLINDRICAL SHELLS 


HERMAN SCHORER,’ Assoc. M. AM. Soc. of 
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The “object of this paper is derivation’ of influence numbers for the 


lor wgitudinal edge deformations a thin, cylindrical, shell sector, rigidly 


xf 


he Id between “transverse stiffening members, This: is of, 


¥ 


j importance in the design of modern shell structures, such a <li pipe lines, 


‘self- “supporting flume structures, sector gates, and ‘the barrel. type of roof 


described in this paper. The monolithic action of. longitudinal stiffen- 
ing members, as well as the analysis of discontinuous surface loads, Teads 7 

the consideration of corrective line loads, which restore the continuity of the 


£ The proposed method is based on simplifying assumptions, and, therefore, 

the solution is an approximation with definite limitations. As an illustra- 

tive example the secondary stress conditions in a half- full pipe Tine 


u 
a. “Thin shells or bent plates are three-dimensional structures, , extensively used 


by 2 Nature as protective housings, on account of their great, resistance to im- Be 
pact. forces. require a minimum ‘construction ‘material and are 
adaptable - to a great variety of possible PENT The shells n may be of the open jee 
The excellent. ties’ of closed shells are explained by the 
fact, that external surface loads are largely transmitted by direct stresses, 
which act in two principal stress planes. Although concentrated loads also” 
“induce | bending stresses, Geckeler* | has shown in the analysis ‘of spherical: 
that a direct. stress system prevails within ‘a short distance - from 


- Nors.—Discussion on this paper will be closed in August, 1935, Proceedings. —_— 


1Gen. Mgr., Bosan Tank Corp. of America, New York, N. Y. 
_ Theorie der Blastizitiit flacher rotations- symmetrischer ‘Schalen 
Geekeler, Ingenieur-Archiv, Vol. 1, 1930, p. 255. 
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load x ‘The “zone appears distributed over a an 
imaginary, plate, bythe ac adjacent parts of the 
shell. The free “span of this plate. is, comparatively ‘small and, therefore, 


— In case of open n shells, the free rims or edges. represent zones of structural 


mitted to the interior of the shell partial plate action; is, 


Stresses in planes ‘normal tc to. the boundary. line. instance, a closed 


zone, as in the case of walnut ‘shells. The same is 3 in 1 the 
_ glass and sheet-metal industry, where thin edges are strengthened by means 
of flange- -shaped stiffening members. In order to be most effective such 


embers should be placed i in planes nearly normal to the surface of the shell, 


The advantages of true shell action will then be. realized also i in the case of 

a8 ~The practical design of shell structures in steel and reinforced concrete 


has opened ‘a wide field of interesting applications in industry and archi- 


tecture. ‘description of the ‘more recent developments in shell- re 


_inforced eonerete structures: is. given Dischinger and -Finsterwalder.' 4 
“Most of the ‘practical problems lead to a consideration of edge ‘loads i in ‘con 


OF 


ection with the design of adequate ‘stiffening members. For this reason 


a the analysis of shell stresses due to edge loads becomes of practical impor- ; 
= 
ance. “The: following study is limited to the stresses and deformations in a 


circular, cylindrical, shell sector, with a uniform wall thickness and sub- 
to edge loads distributed along a a generatrix. 9 oft 
Closed ‘cylindrical shells or tubes , subject to. continuous surface. loads, 
-Yequire circumferential stiffening members at the open ends, ‘or over the 
_ supports, as in the case of large pipe lines,* horizontal storage tanks, culverts, — 


ete. ‘The actual stress condition in sucha shell is determined by the super- e 
position, of two fundamental stress _ systems: First, the called membrane 


stresses (which, represent. a statically. determinate, direct stress system, being 


in equilibrium with the surface loads) ; and, “second, the so- called rim 


_ (which are statically indeterminate) caused by. the restraining action o 


circumferential stiffeners. In the | case of thin shells the rim are. 


tributed only, over a comparatively ring zone, ley 


= ‘The analysis of the membrane stresses in symmetrical shells of revolution, 


due to continuous, symmetrical, and asymmetrical pen loads, ree 
established. and i is presented in detail by Dischinger-’ 


‘Finsterwalder, Beton und Eisen, Vol. (1932). 


Bisenbeton,” von. H...J. Kraus, und Franz Dischinger, .Vol. 
rth Edi p. 269, Ernst & Sohn, Berlin, 1928; 
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“A simplified method for. the practical’ determination of ‘Tim stresses ix 
; 
derived by. Geckeler.® The rim in ‘circular, cylindrical shells, 
to asymmetrical loadings, has been fully treated by Miesel.” 
Fig. 1 shows a a cylindrical shell with cross-section consisting of a thin, 
sector, between two ‘transverse end stiffeners, fixed in a plane 
~ normal to the axis of the shell. In the following derivations the term “Fim,’ 4 & 
Seeman refers to the circumferential boundary | of the shell and the term “edge cae 
refers to. the longitudinal boundary, which with a of 
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Line loads, ¢ or edge loads, are defined as loads 


“sora 
haniaide od 


¥ 


acting on the two free are 
continuous line _loads only, 


“Tongitudinal edge- 


or edge 


3 stiff “transverse members, investigated by Dr. "Finsterwalder,” 


mainly for the purpose of analyzing : a barrel, 


or vaulted, type of thin shell 


structure. Similar problems arise in the design of semi- -circular, open 


flume structures, sector gates, 
Bo 


analysis of discontinuous | surface loads, such as 
Tine, partial submergence of submarines, 


problem of line-load stresse 


decks of ‘reinforced concrete dams, etc. “The 


the parti 


fillings of a pipé 


lifting tanks, also leads to the 
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“Ueber die Festigkeit achsensymmetrischer Schalen,” von J. 


ten, Heft 276, VDI-Verlag, Berlin, 


™ Ueber die Festigkeit 
elastung,”” von Kurt Miesel, ‘Ingenieur- Archiv, Vol. 1, 


yon Kreiszylinderschalen 
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“Die Theorie der zylindrischen SchalengewOlbe, System Zeiss-Dywidag,”’. von Dr. Ing. 
‘Ulrich Finsterwalder, International Assoc. for Bridge and Structural Eng., Zurich, 1932; 


“Die 


querversteiften zylindrischen 
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von Ulrich Fi 
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In contrast to the 1e comparatively narrow zone of éircumferential ‘rim load 


ag stresses, the influence of edge loads may extend over the entire shell area, 


bere 


Be, because such Toads are largely transmitted to the stiff transverse members. 

At present, no exact solution of the line e-load problem i is available. The 

approximate method presented i in this ‘paper based entirely on Dr. 

Finsterwalder’s original investigation, which introduces 

e _ assumptions, justified by m model tests and observation of full-sized structures. § 

The basic assumptions point out definite limitations, which the designer 
must keep in mind when structures in which plate action, rather 
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to the practical analysis of thin of considerable curvature 


N otation—The symbols eet in this paper are defined where they 
_ first a appear; and for the con- 


> 


venience of discussers (who 


are “requested to 4 adapt their 
the complete 
‘notation is given in Appendix 


(@), em +s The introduction trigono- 


ates NG analytical advantages because 
difficulties | of integration 
avoided and any desired degree 

acd 
of a accuracy may be obtained by 


— ae of t he flat problem by 
Lewe® and the derivation of 


ts deflection “curves 0 of "suspension — 


cited _-well- known applica- 


tributed unit load, per unit 
length, acting on a simp y sup- 


distribution can be 
| expressed by the sum of a trigo- 


nometric series. Assuming ‘the 
:PRESENTED origin of the co- -ordinate system 


By Fourrer e span n 

“Pilzdecken,” von Dr. Lewe, pub. by Wilhelm Ernst & Sohn, Berlin, 1926. 
ae “The Stiffness of Suspension Bridges,” by S. Timoshenko, Transactions, Am. Soc. Be 
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cos os ———- . 


p(t) = =< 
p(x) = the sum of a series expressing intensity 
& = horizontal distance ‘measured longitudinally, from the center 


| Vet the span; and L = - the span of | a a simply supported beam or cylin ndrical sy 
shell. The general term of this. series (Equation (1)) is, 


Chandi» c= = substitutions corresponding to the first, second, third, ete. , term 
of a Fourier series. “Fig. 2(a) illustrates the first term of the series, Equa- — 
tion which | is obtained by substituting ¢ = Equation (2); 
= represents. the second term; and Fig. 2(c), 
=+5 indicat tes the third term. The sum of the first and second 
is in Fie the sum of the first , second, and third terms 
_ represented in Fig. bis): aad the sum of an infinite number of terms gives 


For example, at the center of the span, x = 0, (1) results 


v¥ 4 


» will be noted ‘Fig. 2 that the sum of the terms in Equa- 


on (1) represents a cl lose approximation to { the uniform load distribution. 


tion 

.. _ The bending ‘moment, M f, of a simply supported beam, subject to uniform 

; loading, is obtained by double integration of Equation (1), which gives, 


M = 


cage: 


At the of span, x scale the sum of the series, (5), gives 


the: -well- known moment value for uniformly distributed unit loading, 


"Likewise, the deflection, of a uniformly loaded | and 


“eam, is obtained by ‘double of Equation 
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in which, = the deflection or a simply supported, uniformly loaded beam, ig 
lied by J. The general term of the series, Equation (6); is, 
— 
= 


| 


‘the. center of the span, 


= 0, the sum | of. (6), 

gives the value, = which is identical with ‘that derived by the 


Fig. 8(@) shows a small element of a cylindrical shell, loaded by internal © 
and. couples as indicated, which are defined stress” components, 
ae | measured per ‘unit width of the element. . The position of the element is 
aS defined by. the distance, x, from the center of the span (see Fig. 1), and the ' 

angle, measured from the left-hand 1 edge of the shell when element 


we 
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a4 
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faces i in the positive direction of a. The divest stress components, acting = 
longitudinal. direction, a and » Ts vacting a transverse: ‘direction, are 
positive: when they produce tension . The bending stress components, M,, act- 
ing ina longitudinal plane, and, Ms, acting in a ‘transverse plane, are positive 

when they produce tension on the inner surface of the | element. The 
he, shearing stress component, S, acting in pairs of equal magnitude on all four 4 


sides in the plane of the element, i is considered produces 
tension in a diagonal direction of increasing values of x and ¢. Th e radial — = 

shearing stress components, N; and Ns, are considered positive when ‘they 
act in) an..outwar rd. direction on the sides facing the origin of x and 
‘respectively. torsional moments, or twisting moments, M t, are prac- 


on all four sides, and are defined as 


as positive > when ‘they 


| 

— 

of x and ¢. For reasons stated subsequently the influence of the longitudinal 
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peniling moment, M,, the corresponding shearing and 
the influence of the torsional moments, Mt, Ut, , will be neglected in the edge- 


The of the element are i ndicated in 

positive when the moves in ‘the positive of and 

‘The detrusion, be the shearing stress component, 8, 


Fig. 3 
Love™ has ‘derived the flowing fundamental relations 
the deformations, deflections, and stress s components, applying to the small 


element. of the length, dz; the width, ds =k dp; a constant thickness, | ts 


and, a constant radius, Thus, the unit longitudinal ‘elongation is 


unit transverse, elongation by, Rein ad lis 

2 28, 


of 


angular deflection of the transverse tangent by, 


ait bor 


Ky 


which, = unit longitudinal, and é,, transverse; u,v, and 


are, respectively, the’ longitudinal, tangential, and radial defections of 
he - shell element; £=m modulus of elasticity ; t= thickness of shell ; T = direct 


stress components on a ‘shell, element: ina longitudinal direction, and T» 


in a tangential direction; m = Poisson’s ratio; w = angular detrusion of a 


shell element, caused by the shearing forces, 8; 3 R= = ‘radius of curvature of 
a cylinder element; $: - angular distance o of a 2 shell element from the as 


1920), Ba ‘of Miaaticity,” by H. Love, Third Bdition, 


— — 
— 
— 
— 
be 
— 
1al 
— 
ry, 
— 
— 
— 
— 
aR 
= 
— 
— 
te 
— 
— 
— 
— 
al — 
a 
— 
— 


= = change 0 of. ‘curvature of a shell element : longitudinal, 


of constant thickness, ts “constant ‘radius, B; ‘a central “angle, a and 


1, L—between the two transverse end stiffeners. Assume, further, 
loads are acting the shell surface. Then consider a system 


ae edge loads; such as thrusts, moments, shears, etc., continuously distributed — 
along one or both of the free longitudinal boundaries, and resisted by the 
"transverse stiffening 1 members. ‘Due to these edge feeds ‘the’ shell will 


by” internal forces: and couples | (see Fi ig. 8), which transmit 


the loads to. the end walls, hire 


ee the shell ‘is thin, not extremely short, and has a fairly large central 
a angle, ‘experience and analysis both indicate that the ‘internal work of the 


——-Jongitudinal bending moment, M. ., the corresponding shear, N,, and t the twist- ip 


stress components, T., Ty 8, and 1 the transverse bending moment, | , Ma, with 
3 the corresponding ‘radial shearing stress” component, ‘Under these limit-_ 
ing conditions i it will be permissible, for practical purposes, to neglect: ‘the 
influence of M,, N,, ‘el M in considering the stresses and deformations 
shell du e to edge loads. However, statement does not apply to the 
‘Ting zone adjacent to the end stiffeners, which i is always subject toa supple 


mentary stress system, defined by the rim 1 stress zone, where M, and N, be- 


come relatively large, and Ms and WN, assume negligible values. 
Based on the assumptions, = N, the five 
“remaining stress components, My, N:, T2, T;, and S, can then be derived 
from four equilibrium equations one compatibility equation, as shown 
nsterwalder. The edge load distribution is assumed to be symmetrical 
middle transverse plane, expressed by a cosine function, which can 
= be considered as the , general term of a trigonometric series. As suggested by 
Finsterwalder, the stress components: are expressed conveniently by a stress 
function, f(¢), to Airy’s presentation ‘of condition in 


stress function is introduced by the definition of the bend- a 


= — cos 


Fig. 8(a) gives: the following equilibrium on a ‘small 


ing moments, te is rather small compared to the work done by the direct | 
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projection on the y y-axis, and by partial tninnaiiaiteians 


projection on the x- axis, partial integration, 
ian Bi, (42. af 08 
betic 


8), 


rtial differentiation of Equatio 


"Substituting (24) in (28), 


(2. 


From Equations (16), and 
“components e ‘substituted “then, by parti 1 integration, 


‘From Bavation (9), with T. from. Equation, (16), from ‘Equation 20), 


prey 
nit 
im 
‘tie 
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ist- 
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constants of are zero, ‘provided | the following conditions 
ar re fulfilled: - First, the load distribution is ‘symmetrical about the middle ee 
transverse plane, 0 the shell can freely at end 

~pro 
The members, as a ule, are Tela- 

tively flexible in a longitudinal plane, so that free in this direction 
can be for practical purposes . However, the movement in a radial anc 
i direction is greatly. resisted by. the. stiffness of the transverse. members, 
3 req iring the consideration of rim stresses, which can always be treated as yee 
a separate stress system. _ For the present purpose, therefore, the: loads: can 
issumed as transniitted to the end members by means of tangential shear- 
in stresses only, in accordance with the membrane theory; 
The compatibility equation is is obtained by ‘substituting M, from | 
(14), and w from Equation in the expression for the transverse 
Equation (12), which gives the differential equation of the stress 


The solution ‘of "Equation 


(8 sin in Ki +B cos Kio) 


(nye 
é 


29) give 


jon (B1) indicates t of 
waves, i in ‘which, (J1) and (J1)’, represent the damping factors, 


and determine the wave length. These four values are ‘Constants, 


eget 
— 
4 
4 

x 


by ‘the of shell (as exponents, (J 1) and 1)’ 
correspond with J; and J’, in the text). The expressions, A, B, C, and D, 


are also constants, determined by | the boundary conditions of the longitudinal E. 


edge, by which four stress components. or . deflections are assigned specified ¢ 
values, given by the edge load conditions or edge deformations. tadue 


The shell constants, J and K, are found by’ substituting the derivatives — 
Equation (81) i ‘the differential formula, Equation (29). ‘The first 
term of ver stress leads to the following 


~ 


The expressions, etc. , and Ky K, ete., are d defined the, 


Equation (82) can be. the functions, P and G, defined 


+a (— a) 


i 


ts ‘The of ‘the, second ‘Equation, (at), substituted’ in 


Equation (29), give an identical pair of equations for F and 
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up 


By substituting Equations (38), (39), and (40), i in Equation (35), and, 
likewise, by substituting (44), in Equation (36), 


J. and K, may be. by successive approxi- 
and, for instance, by ‘Newton’ 's s method. 


_\ For this purpose it will be advantageous to consider the typical sii, 
of a damped wave system, such” as that represented by the stress function, 
"Equation (81). Tn case the damping factors, and J’ are: larger than 


“unity, each successive derivative will be larger than the preceding one. of Since 
the present analysis is limited to thin shells, the damping factors will be 


s comparatively large, so that, as § a first approximation, the derivatives of a 
lower order be neglected compared to the derivative of the highest 


“order. . This method has been used by Geckeler,* in arriving at practical 


ct A The same ‘method can be applied to Equation (29) provided the coefficierits 


and 
of | the derivatives of lower order are not too large. ‘These coefficients 


&§ mainly ‘a function of a (see ‘Equation (21)) which contains the relative ‘Be 
span, in connection with eneral term, of the tri onometric a 
series. as a first approximation, the derivatives of lower order . 


determined by Nonidueins the first term, c = x, of the Fourier series, el 
so that the accuracy will not be greatly - ‘influenced by reasonable | Po ley of the 
: ‘Supplementary stresses due t to the additional terms, ¢ = =- —3n ™ec= + 5m, 
ete. At the same time, | it should be stated that ‘the wave 
ee ‘represented by the higher load terms (Fig. 2(b) and 2(c)), would also induce — 
increasingly large proportions of done by longitudinal bending Tl 
¥ 

and torsional moments. Since M, and MM M: have been neglected in the basic _ 
- stress: system it is evident that the stresses. and deformations obtained from 
the higher load terms are too large in any case. _ For practical purposes, 


therefore, the first load term, ¢ = = be limiting 
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approximation, therefore, is applicable 
represent the most. important field of 


i on 
) these assumptions the differential equation (E quation 


| The corresponding simultaneous equation as, (Equations (35) and (36)), with 
* and K, from (40) ‘bedome; ‘therefore, 


=0 


The il owing definitions are introduced : 
st ab = —— 3(1— (51) 


‘The solu tion of Equation (50) gives” following roots for 


The corresponding values for the unknown, Kz, - 


eee ee ee eee 


The values, Ky as well as dy Sy Ks, ete., found by 
“Means: of the "progressive ‘Pubstions, (33) and (34). Since “only” 


waves of decreasing amplitude can describe the stress conditions originating 
3 from a loaded edge, it * necessary to 0 choose the 1 negative sign for the damp- *. 


ing factors, Jd; and J’, This in turn, determines the choice of 


min 
the negative sign for Ey and K’», as given ‘by Equations (56) and (Bt), 
Table 1 (Appendix II), shows the values, J, K, J’, and K’, ‘pespectively, oor 


responding to the simplified differential formula (Equation (47 )). 
By Newton’s method it is now possible to find corrections for Jo and Ks, uae 


designated by, Ads Kui For this pu rpose_ the values 
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as given te y Table 1 (Appendix II) are substituted i (85) 


and (26), whereby ‘the errors, Ay and As, are obtained : 


won 


(2+ m 
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By differentiation of Equations (35) an 
d K,, the functions, fo and 91, gs result, 


ay 91 (Jo, 
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The values for 


42 
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J, and K., as given by E 


+. a .(59) 
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necessary, additional corrections could be obtai by repeated applica 


ions of Newton’s method. Since | the 
correction are rather complicated it is s preferable to substitute 1 the numerical _ 


va alues in individual cases. ‘The: final values then are substituted in Equations 
6D to (44), in such a . way that the entire group can be determined with 


“any desired degree of. accuracy. However, the more accurate | solution of the 
problem, as carried through by y Finsterwalder cannot be stated in explicit 


slaveu 


form. In addition, “the numerical computations must be repeated for each 
individual load term, ¢, so that, for a a complete : is 


on It seems desirable, therefore, to obtain approximate solutions 
form, which are entirely’ sufficient in many “cases, especially for the 


va — < 10, it can be shown that the. correction, in Equations (70) i ‘f 


and (72), does not exceed about 0.1r. Under these limiting» conditions 
it then permissible to use the first approximation of the values, 


and given in Table (Appendix TD), as basis for an ¢ approximate 


Consistent with the reasoning stated in arriving at the simplified dif 
ferential equation» (Equation (47)), the derivations of a lower order may 
also be neglected in the expressions for the stress ‘components and prey 
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J “will be noted that the of the highest order in 1 each case 


In order to ol obtain identical conditions — ina longitudinal direction, only es 
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component, —~.. (Equation (17)), is inteoduoed of 3 
(18)); likewise, the stress’ camiponent,.. T; (Equation (20)), is introduced if 
instead of the deflection, (Equation (22)).. Assuming that continuity of 


stresses and deformations has. been established any point of a gener 


— 
| 
0) — 
iia 
= 
3) 
an tho roalativa man 
ng 
1) 
a — 
he iin 
— 
3) 
— 
ms 
o 
atrix, the same condit 
ndition then apphes throughout, — 


= 


“THIN CYLINDRICAL SHELLS» 
and deflections are written in the 


with reference to ‘Equation (31), the constants, A, B, and 


must conform to. four edge conditions, at ¢ = 0, for example, four known, 


of the » 2 T's, and —., or, t the three deflec- 


“The expressions, a*, b*, c* and da”, are functions of the angle, 


generally defined | as follows, 


the simplifying regarding derivatives of Boe 


an 


Table 1 (Appendix It). ‘The value of these constants, , corresponding to the 


aii 


various stress components and deflections, is shown in Table (Appendix II), 


‘The practical analysis of edge load stresses is s greatly facilitated by the use e 
of influence numbers for the edge deformations, corresponding to elementary, Fi 

es unit. loads, herein defined by the general term of the trigonometric oo. 


 _ Equation (2). \ll deformations must be given for the center of the span, 


0, where the intensity of of the wl load assumes the value, - measured 
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consists “reversing the the loads | at 
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bad, {noi LOAD CONDITION CII 


The stress components pom ‘Gaus at a 


by the angle, (Fig. 5), mations at en 

influenced by the stress waves from the 
loaded edges. In Equations: (75) to (78) the i in- 
"fluence of the loads at = 0 is found by means 

the substitution, = Likewise, the sub- 


stitution, ¢ = po, gives the influence of the 


do loads acting at the edge, = algebraic 
of the two o values: represents the combined 


influence for the point, and is ‘designated by 


With reference to Fig. 3(a), the positive directions | of the stress 


pen and deflections, 1 it should be noted that, in case of symmetrical — 


load conditions, the ‘upper sign in Equations (80) to (83) applies 
and w, and the. lower sign to , and 6. In of 


symmetrical loadings the signs: must be reversed. 
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Table 3 (Appendix, II) for the cases of symmetrical and anti- symmetrical 
edge: loadings. ‘The abbreviations of Table 8 are defined, as follows, 


e to 1 (Appendix Il) it will be noted that the edge: 

dey are ‘mainly functions of the characteristic num- 


The shell ratio contains all dimensions of the ‘shell and expresses the law 


ae similarity for the stress distribution in the case of edge loads, oe 
as With these preparations the values, A, B, C, and D in Equation (74), 


be determined for any combination of four edge conditions. The 
ndamental loadings, as shown in ~*~ 4 
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“The solution of these four unknowns, 


A, B, and D, which can be in explicit Sorin for any given 
q 28 4 In this “manner Tables 4, 6, 
5) (Appendix II) hive been computed for symmetrical and contra-symmetrical 
un unit: loadings, u using as s argument, instead of 2. i 
As, the argument increases, the functions, A, C, and approach con- 
) | stant values, which are also given. This condition is reached when the loads a 
at the edge, o= = = bk, do not influence the stresses and deformations of the 
) 


opposite edge, ¢= 0 as, for instance, in the ¢ case of a a very thin shell com- 
bined with, a large central angle or a short span. ate uf 


9) edge deflections, v, w, 6, and ‘the edge stress component, are 
obtained from the general ‘Equation (74), by substituting t the values ASB, 
C, and D, corresponding to a given loading, and the values, ao, and 4 
alll corresponding to a desired deflection or stress component. instance, 
consider again the case of a symmetrical unit loading, ==, for 
which the values, A, B, C, and D, are given by Table 4(a) (Appendix IT). 
From Table 3(a) (Append with ithe, previously defined, 
4), 


ben = A doe + B bos ote Coo + D (96) 


91) tei Similar « expressions are obtained for the other unit loadings. The eyelet: Eye 

«ence num mbers, shown in Table 8 (Appendix: II), can be expressed in 
99) explicit form, except for a numerical coefficient, which is a a of the | 


It is interesting to note that the for 
| 6, w; and v, are symmetrical about the diagonal the corner. 


The same ‘symmetry applies’ to the coefficients, cn, ‘em ¢ 
out: th the diagonal, because the computations show that cs = Pee 
in accordance with Maxwell’s theorem of reciprocal relations loads 
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component, instead of a deflee- 
tion, the ‘symmetrical relations apply to the coefficients only, to 


‘influence numbers for T, a as whole, 1, 


tical with 1% as the argu- 


Ths It will again be noted that of the shell ratio, 


the coctiicients approach constant values, indicating the deflections of the 


o= = dx. For medium values of the shell. ratio the at have : 
nounced -damped- wave shape, caused by the interference of stress waves 
originating from the loaded edges, which indicates typical shell action. Bisa 
- For smaller values of the shell ratio the coefficients plot « on straight lines, ms 
- indicating that plate action, rather than shell action, prevails i in this region. — 
a “In order to : illustrate this } point, consider a comparatively long shell having 


small central a an gle, Diy thick walls. 


end stiffeners. _Assume 


the shell is ‘of such a that the the transverse 


end stiffeners becomes negligible, it is evident that the cross-section of ‘the 


shell can be considered as a slightly curved beam, loaded | by two equal end 
moments. The angular deflection, 6, can then be computed by ‘the usual 
bea theory. ‘A comparison with the values obtained from the influence 


number of the shell shows close agreement in this case. ‘The agreement is 


Of reason for the agreement under this extreme 
dition is due to the fact that the transverse moment, M,, | is | ineladed in the 
stress components acting on the anal element, Fig. 3(a), 


On the other hand, consider the same shell loaded by a selene of Lewitt 


“approaches th that of a plate or’ a held at both ends, subjected” 


torsional ‘moments ‘distributed “over the “entire length. Evidently, 
the torsional deflections will govern entirely i in this case, However, ‘since the 


to onal moments, acting on a ‘small shell clement, have been neglected 


be éxpected. that the influencé numbers (Table 8 (Appendix ID)) would a 


a approximation in 1 this of extreme conditions. The : actual 


becomes rather small, For instance, a symmetrical load system, Na, would 
induce comparatively large bending moments, in a longitudinal 
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assumptions become entirely inadequate. should be out that the 


‘The theory of men 
urface loads are resisted by direct stresses only. to Fig. 
the ‘stress acting a small element then ‘consist of the direct 


‘8, all acting in the plane o of the The external load 
designated by Xeg, Yo , and Zag, with the positive | direction as shown 


Fig. 3(a), are generally ‘expressed ‘as functions of the angle, and the co- 

ordinate, The longitudinal load distribution is assumed to be ‘symmetrical 

about. the middle plane, and stated ‘in the ‘form of the general term 

the trigonometric series, Equation (2). Assuming» that 0, and 


designating by (¢), Z Z($), the functions for transverse load distribu- 


tion, ‘then, in case of 1 uniform load distribution ‘along a generatrix, from 
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» membrane stress deflections are substituting ‘these 


Equation (10), by partial differentiation & 
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ith and (105), 


in ‘connection with Bauations (4) and (0), 


tv=2M (1 +m) Y— +F 
in connection with Equations (101), (105), and (109), 
 Etw=RZp+2m * (110) 
5 The angular deflection of the transverse tangent is negligible i in th 


ove: both end supports. Megleoting the the shell, the 


consists of the liquid ‘pressure, acting: ‘continuously 


ee, At the liquid level the surface load becomes di 


"stress ¢ equations a are re applied t to the loaded shell snare a mY will be found that 

a direct stress ‘component, T,, and a longitudinal shearing stress component, 

gs are acting on. the free edges of the lower shell. ‘The latter force must be 
“applied as a a reaction on the edges of the u upper shell, where it induces | 


es and: deformations. lower er shell is is deformed by 


stresses anc the combined effect will be discrepancy in he geometr 
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and — is now applied at the edges of both shella, ‘The 


able 10 
ID), together with the deformetions of the membrane stress system, 


quations (116) to (122). Table 10 ‘also gives the differences be- 
tween the deflections of the upper and lower ‘shell, ineludin 
‘between longitudinal edge stresses. 


shells” restored the ‘differential 


- unknown ed e force componen desi 


= a and = X, applied, 


algebraic sum ‘difference, becomes zero. Table 10 


elastic equations for the determination of the unknowns, 
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‘The solution of Baquations C198), fe. (126) gives the following values 
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unit stresses at the liquid | level, » in the center of of the span, ‘may te deter- 

me 

~ mined ‘by considering the stress condition of the upper ‘shell, which is s subject 

total longitudinal edge stress component consists of the individual 


due to the loads, to and. the ‘component of, ‘the 


membrane stress: system. The latter i is given by Equation (122) a al nd the com- 


ponents caused by and xX, are obtained from the. influence numbers, 
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valpe Ore, being positive, is a tensile stress on is compressive 
stress. The tangential stress, ie. is relatively small. However, it is inter- 
“esting to compare > the transverse bending stress, and the longitudinal 


stress Cry , with the maximum beam stress of a simply full pipe, 


using a value, = 0.10, for 
a 


in Table 9(a) (Appendix 
example, = ‘Ky f rom Table 1 II), also a function 
of r, it will be | to write (140) and (141) in the 


_ The values of the coefficients, Cy, and Cn, have been computed for the — 


term of the Fourier series, by substituting, are shown in 
As already ‘stated, the consideration of additional t terms of the 

eries not greatly influence the final result, to the 

“made in the derivation of the influence numbers it is doubtful whether the 


By an entirely different method, Samsioe™ has ‘anslysed the s same 


a pipe half full, but with fixed ends, ‘instead of the simply supported con- 
tions assumed in ‘the present example. Although the results for this reason 
directly « comparable, the corresponding coefficients, derived from 


*Die Spannungen in einem auf mehreren Stiitzen in Bleicher ge 
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cation: because of “their economic advantages and ‘to 

architectural treatment in wide | span construction. For practical purposes the 

analysis: of such structures must be simplified as to enable the designer 
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to obtain a a reasonably accurate stress : picture in | spite of the fact that exact 


-golutions are not yet. available on account of m athematical difficulties, 


‘The proposed method is an approximation, the comparison of the 


"more accurate derivations | indicates a satisfactory “agreement, 


"provided the given limitations are kept in mind. tes 
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terms of a Fourier series; cy, ete. = influence num- 


ashi ii ber for edge deflections; for c* a d Co, refer to 


function of ‘the angle, (see Symbol a). tly 


= base of natural logarithms; also e = elongation: 


f= “funetion of”: = Finsterwalder’ s stress furiction for a 
cylindrical shell sector ; f, g, and h = functions of 

dx; g’, and h’ = functions of J’, K’, and 

g = “function of”: (for g and g’, refer to Symbol f); 


ie h= “function of”: (for h and h’, refer to Symbol f); 


0.5 + 0.5 and = 0.5 — 0.2 
per unit length of a simply supported | beast 
vAnath p(x) = sum of a trigonometric series; pe = general term 


+ unit weight of liquid; ee, 24 
= length of a small element of arc,s; 
thickness of shell; as a subscript, t, denotes ‘ “torsional” ; 
longitudinal deflection of a shell ‘clement, positive in tl 
of i increasing values of x; 


tangential deflection of a shell ‘element, positive in the diree 


radial deflection of a shell element, positive in a 


a distance measured longitudinally along the arch barrel, him 
ae tas the center of the span; dz = an elementary small distance, #; 
as a constant; A, B, C, and D = constants conformi ng to given 
3 = a constant (see Symbol A); ‘as a subscript, B, “beam”; 
=a constant (see Symbol'A); C2, and = functions of the 
influence number referred to example in 
paper; 
D= a constant (see Symbo 


= nomen of of ab beam section: 


— 
— 
d bo. refer to. 
- 
— 
— 
| — 
— 
18 
— 
BE 
; 
to 
the .—l 
the 
ab. 


| 

7 — a damping factor (as an exponent, writ: 
“ten J’, = a damping factor of stress functions 
an exponent, written, 
shell constant ; and Kk’, = wave length factors" of stress 

function; Kn = progressive: function of KE; 


= length; span of a ‘simply supported beam or “cylindrical shell; 


moment; bending moment of a ‘simply supported, uniformly 
loaded beam at the distance, z; Mo = bending moment at 


the center of t the ‘span; M, = 1 longitudinal | bending stress 
component on a shell element per unit width| (positive when 
in tension is produced on the inner surface) ; -M, = transverse 


bending moment ‘corresponding to = 
cg moment acting on a shell element per unit width (positive 


producing tension on the outer surface, in a diagonal 
direction of increasing values of « and >) Me = general 

adial shearing stress component per unit width (positive when 


acting in. an outward direction on the sides’ ‘facing the origin 
= radius” of circular shell; radius of curvature of a cylinder 
= direct shearing stress component a ‘shell element. per unit 
oi width, acting in the plane of the element (positive when pro- : 


- ducing tension in a diagonal direction of i increasing values of 


irect stress component on element per unit width; 


a longitudinal direction, and T, in a tangential, or 


transverse, direction; = resulting longitudinal edge stress 
- component in the design example of the paper; ts” 


ce component: X24, and = external load components 
on a shell element per unit width ; Xe 3, and xX, = un- 
edge force components in the design example the 


ma constant in Table 2 (Appendix. ID; 
a constant in Table 2 (Appendix II); — eB 
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constant in Table 2 (Appendix ; 


ion, or difference; A dp = 


ection for. Ks; A= errors in ‘values ¢ at J; ‘he, = “errors 

deflection of a simply supported, beam, ‘multi- 

See elt yy 6= = angular deflection of the ‘transverse tangent of a shell element 
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d » = angular width of a small shell element; de = total 1% 
a central angle of a cylindrical shell sector; f(¢) = Finster- — 
walder’s stress function for a cylindrical shell sector; 
angular detrusion | of a shell element, | caused by th the hearin & 
forces, S (positive v when 8 i is 
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2 B. - Underground corrosion is shown to be of economic importance by the fact 
pape that associations of pipe owners and pipe- owning corporations are spending _ 
considerable sums for the study of corrosion problems. ‘underground 
pipes i in the United States have been estimated ‘to have length of, 450 000 = 
miles ‘anda: value of nearly $6 000 ) 000 000, The» annual loss due to under- 
ground corrosion of pipe ‘lines in the oil industry alone has been estimated 
Soil characterized by the “uneven listribution of the 
the fact tha ‘most ferrous pipe material ls s corrode at nes arly, the | same 
“rates. | The major use of the corrosion seems. to be non-u ormity in the 
“Gstribution, of o oxygen ‘and moisture along the surface of the pipe 
Among the methods suggested for reducing corrosion losses are the 
‘of copper and copper alloy pipe which “corrode less rapidly than ferrous 
"materials; increasing the thickness of the pipe walls; and the use of 
-corrosivity surveys are suggested as a means for determining, the 


need for protective coatings. | ‘Some of the weaknesses of coatings are noted — 


and cathodic protection 18 suggested as a means 0 improving the effectiveness ig 
0 coatings. In an Appendix wre listed some of t e more important recent — 
articles on “underground corrosion and related subjects, 


recent gives the amount of underground trunk and distribu- 
: tion mains in the United States as 450 800 miles, having ‘an estimated value . .° 


nearly $6 000000000. In addition, there are approximately 14 000000 


_. Nore.—Publication of this paper has been approved by the Director of the Bureau of - : ¢ 
‘Standards: of the U. S. Dept. of Commerce. Discussion on this paper will be closed in oF "iaad yd 
1 Chf., Underground Corrosion Section, “National of Standards, Washington 
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ND CORROSION 

‘service pipes and probably at least an equal number of water services. 


a No estimate has been made of the mileage of 1 underground | pipe in use for 


os cael disposal, but it will approximate that used for water services. The 

amount and value of the ferrous ‘material « exposed to the action of soil, there- 
‘Sane are enormous, and even a moderate reduction in the rate of deterioration — 8 

In 1931.7 Carl R. Weidner, Assoc. M. ‘am, Soe. C. E, annual 

3 les’ to the pipe industry on account of wadergrpund corrosion, at $50 000 000. 
liege value refers to oil lines, and if ‘80, ‘it should be multiplied by 


at least three to ‘Tepresent the losses on all underground pipe. In view of the | 
arge losses sustained by gas and oil companies on account | of So 


3} 


corrosion and ‘the efforts which these organizations are making to reduce 
these losses, it is a little surprising that equal attention to the subject is not 
given by the owners. of lines carrying water, lisa from the unlikely ae . 
tion that water lines" do not corrode, several others might be offered. 
~ general, the. owners of water pipes are not as well organized to fight in 
since they consist largely of independent and individuals. 


Water mains usually” have greater wall thickness. 


ats 


e life. ma “Moreover, water leaks of the same magnitude a are less s serious ‘than 


pipe and to expensive pavement 


‘distribution mains makes to reduce the corrosion losses 7 


At first, ‘it was customary | to attribute. all underground corrosion: in cities 

“some street railways and the aba indo of street-car have 


oft 
Causes 0 OF Uspencrousp Corrosion 


‘ 
ae ion of soils. in various ways and o1 on numerous occasions. 
The ‘repetition, of four | major conclusions | herein is not for the ‘purpose 


imparting new information, but to establish a basis for the discussion of the Bs 
reasons for the suggestions made this “paper. 
Briefly, the Bureau found: First , that the differences ‘the rates 
corrosion of the commonly used ferrous pipe ‘materials are of. the same 
order of “magnitude as those of different specimens of same ‘mate al; and, 


second, that ‘the character and seriousness of soil action vary with the soil 


‘condition to which the material is exposed. latter variation is so great 


it to be a “more important factor than, the choice of ferrous 
and are views of 6-in. lengths of in. pipe of 


: r atarlals. If the reader will face toward a source of direct 


ening Remarks Ghoub on “Corrosion of Oil Field Equipment,” 
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illustrations are reversed the pits will appear as projections. The 
il is shown, By 


of 
is the. difference between the patterns i in n different soils. . The wide difference 


which | may occur in the rates of corrosion of the specimens of. the same — 


material in the same soil is illustrated by Fig. The third” characteristic 


of § soil corrosion which must. be considered i is that the rate of corrosion. after Aa a 


a a pipe has been | exposed to soil for several y years is ; considerably less than n for us 


the first period « of exposure. A fourth characteristic « of underground corrosion cae 


(w hich not only i is of great economic importance, but i is suggestive of the oqnce nc 4 
of corrosion) is the unevenness of the distribution of the corrosion over the = 
surface of the buried metal. Sometimes a length or section of pipe is 


trated at. only one point, whereas: almost no corrosion is found elsewhere on 


the ‘section. The pitting is usually, confined to the bottom of the pipe, but 


occasionally the most severe ‘corrosion is found on the sides or top: 


‘The most interesting characteristic of underground corrosion is irregu- 
or ‘spotty nature of the attack. oss of material as such is usually too 


~ 


small to be of importance if it were uniformly distributed ‘over the ‘pipe 
surface. It will be helpful, in understanding these findings, to construct 


a tentative explanation | of underground corrosion processes. 
the electrolytic theory of corrosion became generally accepted, 


explanation offered for formation of pits in the pipe surface 
impurities or -segregations the pipe material. This conclusion sup- 

nee by the fact. that where impurities were known to exist, differences in. 


- electrical potential between the impurities and the metal could be ‘measured. 


= 


Wha 


It was shown that there was a difference of potential between oxidized ‘metal 
or mill scale and bright i iron, and strains in metal were: also shown to result + Ba 


differences of potential. was logical to assume that these» potential 


differences resulted in corroding currents when the metal was exposed to an ; 
electrolyte. Of -eourse, other ‘differences ‘potential were observed when 


4 different metals, or two varieties | of the same metal, were in metallic contact cm FA 


-. The mistake that has been made is not in reasoning but in evaluating the 
importance of the conclusion. There can be little doubt that some corrosion — 


results as suggested, and that under | some conditions one of these causes of 
_ corrosion is the controlling on one. | When n materiale are buried in ‘soil, ge 


mportant. 


forcibly to the attention of the th f Standards when 


the first. specimens | of. pipe | were examined after” approximately ten years of 


exposure to widely different ‘soils, and is illustrated in Figs. 1, 2, and 3. iy Ce 
was observed that i in certain soils the corrosion took the form of isolated pits 
with sharp margins. In other soils the corroded areas took the form of rather 
with no well-< defined boundaries. In one om 
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the quantities and distribution of the ‘impurities or strains might 
these differences in corrosion. That this was not the correct. 
explanation was shown by the fact that, almost without exception: whenever 

ze Bessemer steel showed one form of corrosion, pure open-hearth iron, wrought — 

iron; and specimens of Bessemer steel another ‘Tolling: mill showed 
corrosion patterns, Evidently, therefore, the « corrosion 
primarily a function of the soil condition and to a a a minimum extent, only, 

charaeteristic of the material, Although this observation was made public 

1927, and | has been re re-stated times, its is otill not fully 


infrequently the Bureau ¢ 


and the type, of soil to which ‘it “is exposed, Tt will also, depend 


Bru. on the cost of repairs. In certain: soils 8-in. s 


a to develop leaks within six years’ after construction, althingh. ‘such early “ca 
are: few. In other soils pipes have remained in service from 50 to more than 


278 years. Only a small percentage of the soils of ‘the. United 


severely. corrosive, , but the individual corrosive areas 

protect ‘the entire of a 
of a few leaks would | 


soil and to develop "corrosive | soils. ‘The q 
A of corrosive ® soils along a pipe line is commonly known as a soil corrosivity — v 


The latter ni name is unsatisfactory because it has 

ed ; of Agriculture to indicate the identi 
of soils with | respect. to their physical. appearance. Soil 
will be discussed in a subsequent section this paper. 
Soil Characteristics That Determine the Form and Rates of. Corrosion.— — 
In the course of an n investigation of the relation of ‘pipe- -line to 


could be accounted for by percentages of or of soluble 


‘ 
salts, 2 Of « course, , these ge would et in 1 complete soil analyses, but 


is > ‘to be from the fact. that ‘soils of low resistance are 
corrosive that the corrosivity i is proportional to the conductivity of the soil o 


that the conductivity of the “soil is in itself the cause of f the corrosion. It 


appears, , however, that the conductivity of the ‘soil’ either is-a factor or is 


“Adjustment of Soil Corrosion Pit-Depth Measurements for Size of 
 G. N. Seott, Proceedings, Am. Petroleum Inst., Vol. 14, Pt..4, p. 204.0 


Line Currents and Resistance, as Indicators of Local Corrosive 
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with. ‘some hich inf 


the corrosivity the soil Although soils. of low res 


usually ‘corrosive, exceptions are known, and s some ‘soils having high eure 


the corrosion the conductivity of the soil is a factor, 


in some instances, , other factors more important. 
After a study of a wide variety of soils, ‘Mr A. Denison,’ concluded 


that there was a relation between the acidity a nd the corrosiveness of soils. i 


However, as in the case of the resistivity- “corrosion relation, cases were found 


‘ in which the correlation was unsatisfactory. Investigators aré thus led to the | 


conclusion that soil acidity is a factor affecting the rate of fo corrosion, but it that 
it is not in all cases the controlling factor and, perhaps, not the fundamental | A 
Consideration of underground corrosion phenomena o occurring | under widely 
different conditions: leads to the conclusion that there are “several, ‘perhaps 
numerous, factors which modify the more fundamental ‘causes of” corrosion, — 


In an unpublished communication to the Corrosion Committee of the Ameri- 
Petroleum Institute, Mr. Denison introduces his discussion of corrosion 


is ‘Corrosion. of ferrous metals : in soils may be assumed generally to originate eae 
ey differences in potential between parts of the metal surface accessible to 
the oxygen of the atmosphere and other parts from > which air is completely — Riss 


or partially excluded. According to this explanation, corrosion occurs at 
" points of contact between metal and soil which are anodic to adjacent areas 


more accessible to air. This. general statement of the ‘differential aeration’ 


theory may be used as a basis for understanding the variou 


sion which are encountered in pipe line operation and to the marked 
differences which have been observed in the corrosiveness of soils.” . 
f oxygen concentration was first in 1916 by 


the phenomenon has ‘been out by Mr. Ww. R. Evans," ina ‘number of 


Mr. Evans, however, has confined his attention largely to atmospheric i 
under- water corrosion which does not involve so_ many uncontrollable 


Mt now seems probable that the aS tic theory will account for observed 
corrosion underground if it is assumed that the impelling differences of 


potential originate largely in ‘differences of oxygen supply at various points 


-conce ration was” observed a ta much. earlier date. 


of the path over which the corroding current flows, or both, are modified ae 


he decrease in the rate of penetration. with time “manifested. ly ee 


Bureau of Standards specimens" and by number | of ‘pipe. systems for which 


. .§ “Corrosion of -Ferrous Metals in Acid Soils,” by LI. A. Denison and R. A 
of Research, Bureau of Standards, ‘Vol. 13, Pp. 125. 
‘Evans, Raward Arnold & Co., 


ae on the surface of the buried metal, and that the potentials, or the conductance, 
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more ‘effective is. 

>. Gaalaiane since, as will be shown later; 3 it is a factor in decisions as to the 4 


To logical and complete, this paper should contain a section dealing OF 
with the estimation 1 of rates: corrosion and their relation te the ‘useful jus 
Sel 4 
i life of pipe. To be ‘helpful, such a discussion would have to be long, since E ost 
problem i is a complicated one. The writer has chosen, 1 therefore, to avoid 7 mai 
subject for the present and to proceed’ directly to a discussion of the reduc. ben 
tion of corrosion losses. The proposed methods follow from the ideas set —alth 
forth in the preceding section. The recommendations: follow the form of 
ancient and well-known recipe ‘for the cooking of a -hare, mo 
Corrosivity Survey ys- —As one should first catch the hare, ‘80 ‘should the 
the engineer first locate his corrosion. — The most serious corrosion, of. course, ae 
will locate itself, but as soon as the ‘engineer is surprised by the first leak is | 
in his line, he begins to wonder how much ‘the line 3 is "about to fail. 
pee Experience | indicates that many 1 miles of line have been needlessly uncovered | soi 
nd and reconditioned because the | owner feared that the first few leaks. would be me 


followed by others with increasing frequency. ‘As a result of investigations 
# at the Bureau of Standards, based on the principles of underground — z 


ri which have just been enumerated, several practical methods have been devel- 

- oped by which the pipe-line ‘operator can determine the point of most serious” j 


ct 


corrosion. The principles and limitations of the older: and more frequently, 
resistivity test have been described. by Shepard. The method has been 
tested in widely ‘separated | sections of the United States under several soil ‘ co 
In all cases ‘it been means of locating some of the pa 
corrosive areas. ‘Dr. S. P. Ewing made a a study” of the corrosiveness of soils 


Bann the right of way of an oil line in one of ‘the Central States, using 


soils” and comparing the results with the 
records for the pipe line? He concluded that neither | soil resis- 
oo nor ‘soil acidity ‘alone is a satisfactory indicator of soil ‘corrosivity and pe 
found that by ‘combining the two tests with information | to ‘soil types a 


useful result could be obtained. He also developed a formula for determining» 


what ‘Dart of a a 2 Tine should be protected against ‘corrosion and a ‘method for 
e economic value of ‘soil corrosion surveys. 


time with the ‘at the selected point throughout 


an extended period of time can b e perfect, since the action of the ‘soil is 


_ modified by the effects of temperature, oxygen, and moisture supplies, and by 


local: conditions which often cannot be ‘recognized. Moreover, until methods" 


“Corrosion Surveys for Transmission Lines and Distribution 


__- qj. records have been kept, can be explained by the protective effect of the corro- J for. 
=a 6___ sion products that are formed, or by the restriction of oxygen resulting from | the 
ae __the settling of the soil in the trench and the increased uniformity of trench |} it n 
obse 
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for: controlling corrosive conditions are much improved, the | corrosiveness of 


the soil cannot be expressed by a a single value. When sucht vale is’ available’ 
it must be understood that, it is an average: and that: ‘in individual | cases the 
“centage. Nevertheless, corrosiveness quite and soil 
which indicate even in a ‘general way ‘that ‘soil in question is not 
Ba It seems probable that if | a ‘pipe line traversing open county is to be laid 
justified. If the line traverses territory in which the natural soil condition: 
material, ‘sewer leaks, or discharges from chemical plants, or if the pipe lies 


derable per- 
corrosive, mildly « corrosive, or very corrosive, may more than: justify their cost. 
or reconditioned, , a systematic soil survey by a competent engineer will be a 
have been se seriously modified by ‘Man, as ¢ city streets containing fills of 
beneath “pavement, the economy of a survey is Somewhat more | doubtful, 


although success under these adverse conditions has been reported by Mr. A. Ve 
Smith” For the benefit. of those who wish to study the subject, a list of the 


] more ‘important aa articles on soil corrosivity surveys is it included in 


Although pi 
is in corrosive soil, it is likely that any extensive corrosion survey ei Lotelie 
att 


one or ‘more ‘places where a reduction of the possible corrosive ‘effects of the — 
soil seems desirable. The engineer is then faced with the choice of a method for ie 


| will depend on local” conditions. ‘Since corrosion “underground has bee: 
attributed to variations in the ‘supply of oxygen at different points along the 


ine, an obvious method of preventing it is to secure , uniform conditions with 
_ respect to oxygen. 1. Unfortun nately, the application « of this. principle i is limited. 


To bury a pipe deeply i is helpful | unless the change it in soil character and en i 
ture— with depth is unfavorable. Likewise, uniform tamping of the soil is 


conducive to uniform It has been s1 uggested that the laying of 
- pavement over the Pipe would 1 reduce the oxygen supply and, , consequently, the ae 


corrosion. n may be true e only if the entire line is ‘under pavement; other-— 

one might expect galvanic between the the pipe beneath the pavement 
and that in unpaved streets, with the corrosion oceurring under the pave-_ 

because of the smaller quantity of oxygen th there. Refilling the trench 

4 partly with less corrosive soil | has been tried, but no reports as to the e effectiv 

of. Materials. —The demand for a less -corrodible pipe material 


j perennial, and a variety of ferrous + alloys have been offered to meet this 


4 coos The e results of the investigation by the Bureau of Standards do n 


. encourage hope i in this ‘direction if the cost of the material is considered. — ia 
:o It is possible that : a ply-metal | pipe having a corrosion- “resistant metal on 


the outside may be developed which will not be too costly. for) use se under cond 


copper alloys resist. nearly all ‘soils better than ferrous materials’ ‘and | ar 


Practical Soil Corrosion Survey with Shepard Soil, Corrosivity | Rods,” 
. Smith, Proceedings, Am. Gas Assoc., 1932, p. 790. 


maintaining his line in one or Amore’ The preferable method 
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copper sheet used as a for bituminous coatings hen failed unde 


Those demanding more r resistant ‘pipe n materials: do well to consider 


- the significance of ¢ curves representing the change i in rate of penetration m with, 
- time as has been previously mentioned. Whatever the cause for the decline i in 
of pitting, can be little doubt that in many soils this decline 


r some 


such soils” the failure of pipe lines| could be by 
sufficient to withstand the initial attack and the subsequent slow penetration. 
many instances the wall thickness required for an unusually long life 


before penetration, does not. appear to be “prohibitive. It may be better 


engineering to provide extra wall thickness rather than to invest in corrosion 


Talaedivents has shown that the life of many protective coatings: is rather 


limited. “possible, however, that the usefulness of -short- lived coatings 


been ‘under- estimated. the decrease i in the rate of corrosion 
referred to is largely t the ‘result of the settling of the back- fill. of the trench 


(that i is, the establishment of more nearly - uniform conditions along the pipe» 
with respect to its contact with the soil an and to the ‘supply of n moisture and 
oxygen), a coating which will last until these conditions have been ‘established 


- will eliminate that,part of the corrosion-time curve which represents the period 


of rapid corrosion and will greatly extend the life of the pipe. 


- 


¥ Years of Life hen 
4.—PENETRATION- Time RELATION A i- Inch Steet Servic 


The effect of a an increase in the thickness of the wall of a small pipe and 


the service performed by a temporary protective coating on such a pipe can 


both be seen by studying Fig. 4, the solid part o 


of which shows the maximum 

steel ‘specimens in Sus 
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hentia’ clay near’ Meridian, “Miss. is as 
of corrosion in all soils, but only 1 to illustrate the action of one - soil with 
respect. to ferrous metals. To be on the conservative side the curve has been ra ich 
extrapolated as a straight line, although it may bend downward beca nt 
Consider the corrosion of a in. ‘water service pipe the wall thickness 
of which is 3 0. AL in. traverses a stratum of clay, a common 


pipe, with of 0. 154 in., or 


the life of the pipe should b be approximately 26 yr, or nearly twice as long. eet ” 
If the standard pipe is. galvanized or protected by a bituminous coating which 


will _ prevent corrosion | for ‘5 yr (the period represented | by the steep part of 


the curve), and if the corrosion decreases, only because of the settling of the 7 


trench as suggested previously, ¢ corrosion n will begin at the end of the 5- -yr priet 
and Progress as indicated by that part curve beyond the 


Wh 


point. ‘Under this hypothesis, “the application of coating is equivalent 


(for ¢ corrosion- -resisting purposes) to the addition of 80 mils (1 L mil = 0. 0. 001 in.) 
to ‘the thickness ‘of the pipe wall, and | the expected life of the pipe is ee e 


from a 14 to 87 yr, as is indicated by the intersection of the horizontal line 


representing 110 80 mils with the pitting-time a 


lasting 5 yr may extend the life of a Wake 
Tt must be remembered, however, that any ences is only as valid as 


the premises ¢ on which it is based. ‘At is improbable | that ‘the decrease i in the ue a 

the has ‘no effect, » when the coating fails, corrosion 

newly | laid pipe and the extension of its life by the coating is equivalent onl 

to the life of the coating. the actual condition lies ‘somewhere 

between the two extreme assumptions. The chief purpose the: present 

discussion i is to call attention to the need for more complete and definite 
data. on corrosion processes. Until such | information i is available the — course 


is eset for a moderately corrosive soil. There i is NO fundamental rela- 


tion, of ‘course, ‘between the rates of deterioration of | coating x and of pipe tg 

‘since they are quite different materials and ‘deteriorate for quite 
ret 


reasons, The » period of effectiveness necessary to justify the use of a coating 


is longer in a mildly corrosive soil than in | a _ severely, corrosive one. If a 
coating pont 10% of the « cost of the line and ‘if it prolongs the life of | a line 


same length of time on a ine which would last 30 yr without the coating, it = 


has increased the life of ‘the line only. 3% at a cost of 10% plus. the interest 

the additional investment. Recently, a a water- -works engineer in planning: 
new | line, Mewes, a life extension of 5 yr for a coating to be applied to a 
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| 
having an life, bare, of 70 yr. little thought will show that the 
a paid on initial investment for the will double, that 


per year of ‘the protected line will be considerably higher. it would have 


in} 1924, the Bureau of Standards buried a ‘considerable n number ‘of speci- 

is mens of galvanized and lead-coated pipe ina variety of soils. These coatings 
have deteriorated slowly and until recently it has not been possible ‘to make 
statements of practical value regarding their usefulness. The Bureaw’ s data 
as to > the ‘corrosion of galvanized | steel indicate’ that the protection afforded 


the zine coating is to be ascribed to the low corrodibility of met tal 


eT zine ‘applied to pipe ‘and sheet steel indicate that rust ingle: may be expected 


4 vr. v 


in a few soils within 4 yr, whereas in other soils more corrosive with respect 
to steel, rust will not appear for 6 or 8 yr. ATR, 


f 
Be ‘ At this time a definite relation between any soil characteristic and the rate 


zinc not recognized. Some acid ‘soils appear to 


- attack the coating, whereas other soils having higher acidity do not seriously 

affect it. one severely corrosive alkali soil a 2- -OZ zine coating failed 

within. 2 In less corrosive alkali. ‘soils, however, ‘the same coating has 

a 


A comparison of the rates of ‘penetration of lead- coated stee nd plain steel 


: = tang not . show, definitely, an increased rate of corrosion of the steel. after 


on puncture of the lead because of electrolytic action between t he two metals. 
os Sometimes, - the ; punctured lead | ‘coating appears to ‘corrode more ‘rapidly than 

“s bare steel and sometimes less rapidly. _ Whether the. differences in the rates 
of corrosion are accidental or whether they are the results of "different 


mu 


electrolytes i 18 not known. 4A adi Yo be bial 


Research on. ‘pipe coatings has been, handicapped. by the 
“inability. of the Bureau to keep the same man on _ the problem continuously. 
Most of the bituminous coating work at the Bureau has been done by y tesearch 
associates” ‘supported by the American Gas Association and the American 


Petroleum. Institute. The results of their work will be much more valuable — 


= 1930. These results are most directly applicable to steel ‘pipe lines of 
moderate diameters. The he recommended treatment for these lines may ‘require 


are > suitable for! service Pipes, cast- -iron pipe, 


"The work indicates thatthe 1 failure of property 
ings i is s usually caused by stones or earth clods. The remedy indicated i is to 


e coating by | a layer of rather stiff ‘material, ‘such as 
-yoofing felt. For soils that are destructive to organic fabrics, a or 


asbestos reinforcing 1 material is ‘preferable. ‘As yet, _the lives of the ‘better 


types of bituminous coatings have not been determined. However, a sufficient 
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UNDERGROUND: connosion 
life if the project can be etatiailila over the period of time necessary fo 
__ Several s satisfactory | methods for determining the condition of a pipe sisi 
g have been but no entirely satisfactory accelerated test 
coatings has been proposed. While the desirability of buying coatings on the 


basis of performance specifications has been recognized, no such specifications | 


“3 re in general use and the lack of convincing data. makes the writing of such 
"specifications, at this’ time, difficult and unsatisfactory. 
In 1933 an ‘electrical test” “was developed whereby the application of 
continuous coating - could be insured. The writer had an. -oportunity ‘to. test 
4 a coating which had been applied ‘so as to meet this continuity test. Prete 
the coated 1 pipe had been laid in the ditch and covered, the test indicated that | 


“one or more bare spots had developed. In other words, the benefits of thé 


areful application of the coating: had ‘been lost to “a large extent because ke 


‘The purchaser of a pipe coating: should consider not only whether 


properties are satisfactory but also the probability of 


it in the ground in a satisfactory condition. 4s ‘Tt the size or weight of the 
pipe section is so great that it cannot be handled commercially without injury — 


to the coating, the advisability. of the coating is at least debatable. bi hac 
- Cathodic Protection.—Fortun nately, a method of treating coated pipes has" 
een developed within the last few years” which, under favorable condition 


protects the abraded parts, This i is known as cathodic. protection and has been 
described by Mr. R. J. Kuhn” and by Mr. ‘Starr Thayer.” _ Essentially, 


‘E method consists in maintaining a a negative ‘charge in the pipe , line vn: 
respect to the adjacent earth by means of a superimposed current supplied 


— 


a rectifier. 2 The economic success of the method on the ‘insulating 


and has 1 not been broken in too many places, an | inexpensive amount of pesca 


rent may prevent corrosion. Cathodic protection of bare lines, or of coated 


lines in’ metallic contact with bare lines, is not feasible 2» because of | ‘the amount 

ay A A 


against corrosion. 4 If ‘the statements that have been made herein regarding 


_Tates of corrosion have been ‘indefinite, and if the suggestions | as to methods 
of reducing corrosion have been vague, it is because the collection of satisfac- 


corrosion data is necessarily slow and e expensive. ‘A definite’ plan of 
been outlined by students o f corrosion, and definite progress has been 


ee 


Y maile. The continuation of the work for a few 1 more years should yield —— 


_.2°“The Detection of Flaws Pipe Line Protective Coatings before E 
Gow. ‘Clarvoe, Pipe Line News, Vo. No. 8; 3968: 


“Cathodic Protection Underground Pipe from Corrosion,’ 
d 


nd 
“The Development and. Application of a Practical Method of Electrical. 
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(CURRENT. ARTICLES ON UNDERGROUND. ‘CORROSION Ey 


Logan, K. H., Ewing, S. P., and Yeomans, Soil Corrosion Studies: B 
Soils, Materials and Results of Early Observations. Papers, * 


AL Correlation of Certain Soil Characteristics with 


Corrosion. Journal of Research, Bureau of Standards, Vol. 7, p. 631, 


Denison, I. A. Methods for Determining the Total Acidity of Soils. 


Logan, K. H Soil Corrosion Studies: Non-Ferrous Metals and Metallic 
Coatings. Journal of Research, Standards, Vol. 7, p. 585, 1931 
ei ee Logan, K. H., and Taylor, R. H. Soil Corrosion Studies, 1932. Journal Of Bt 
Bureau of Standards, Vol. 12, p. 119, 1934 (RP 638). 
Scott, G. Pit ‘Depths as a Measure of Soil m. 
Inst., Vol. 14, Pt. 4, p. 204, 1933. (Adaptation of soil corrosion 4 Se 
pit depth measurements for size of sample.) yu. ts 
R. Pipe Line Currents and Soil Resistivity as Indicators of 
Local Corrosive Soil Areas. Journal of Research, Bureau of Standards, 
Vol. 6, 683, 1931 (RP 298), ig 


of Research, Bureau of Standards, 1933, Vol. 10, p. 413, 1933. (RP 539). | 
ee Smith, W. T. How Soil Corrosiveness Can Be Measured. Gas Age Record, — 
Logan, K. H. Soil Corrosion Production Bulletin No. Am 
Tnst., p. 142, June, 1931; and Gas Journal, Vol. 30, 

‘Smith, A. V. A Practical Soil Proceedings, Am 


4 


1 14th Convention, p. 790, 1 1982 


{ 
Weidner, C. and Davis, LL. E. _ Causes of Pipe Line Corrosion 


and Gas Journal, Vol. 30, ‘No. 26, p. 41, 1931; also, Production 


No. 208, Am. Petroleum Inst., p. 36, 1931." TO 


chneider, Ww. “Cathodic ‘Protection. W Western Gas, Vol. No. 4, p. 


fhayer, Starr. The Development and Application of a Practical Method of 
___ Electrical Protection for Pipe Lines. Proceedings, Am. Gas. Assoc., 1933. 
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Scott, ¢ N. APT. Coating Proceed = 
Ewing, S. P. AGA Studies of for Pipe Lines, 


Assoe., 774, 1931. 

Distribution Sub-Committee on Inspection and Tests of ‘Specimens 
» Removed in 1932. Proceedings, Am. Gas Assoc., p. 741, 193838. 
als G. H. Pipe Am. 


Fitzgerald, Charles. and Pipe Line Coverings. Production Bul a 


‘Scott, G.N. . API Costing ‘Tests. Production Bulletin No. 20 
Scott, G API Coating Tests. Production Bulletin No. 210, Am. 


Weidner, Protecting and Reconditioning Lines. Bull 
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“SOCIETY OF CIVIL ENGINEERS 


= 


OD SPROTRCTION DATA’ 
PROGRESS REPORT OF THE COMMITTEE 


a 


14 Sank: ta: igen 
This progress the earlier efforts by the Society to 


interest in the systematic collecting and listing « of flood data. The movement 
had its | inception at the e time of the 1922 Spring Meeting of the Society held — 


at Dayton, Ohio, when its program 1 was devoted toa Symposium on Floods | es, 
and. ‘Flood Control.’ The need for ‘research work in collecting authentic 


‘, flood data for streams in all parts of the United States found strong advocates s 
‘ 
that ‘occasion, This led the Board of Direction in ‘August of that y: year 


"appoint a Special Committee on Flood Protection Data composed of N.C. 


Grover, Chairman, C. Burdick, William Creager, ‘Eddy, 
Gerard H. Matthes, Charles H. ‘Paul, and Arthur 0. ‘Com- 


mittee, in the reports w 


out clearly the fact that in order to meet the problems o 7 


and operation of structures situated i in river jchauncts, on river banks’ and ‘a 
‘iver valleys, as adequately as i is demanded of « engineering design, construc- 


tion, and ‘operation of structures elsewhere, much would have to be done in 

the way of bringing together dependable data pertaining to “past. floods. 

showed that although several compilations of 1 maximum flood discharges ona 


“world -wide basis had been published in the Transactions of the Society, ie 
attempt had ever been made to compile and collate the ‘enormous mass of ny 


a available flood records pertaining to American streams in form convenient x 


Special ‘Committee's principal recommendatio s that for each 
‘gauging station there be listed on ‘pitsdiibed forms, in chronological order, all 
flood events above a selected basic stage, ¢ giving ‘the. date, gar gauge height, dis- 
charge, and a symbol expressing 1 the degree reliability of the ‘record. In 
addition, the tabulations were to show the’ three greatest known floods 
‘record, Ne and whenever available daily discharges during great 


flood waves 80 as to make possible the computation of total volume discharged 


an 


and the platting of flood hydrographs. Printed for these purposes 


Ver’ 


 Nors.—Written discussion on this Report will be transmitesd directly to 
x the Chairman of the Committee for possible use in _ preparing subsequent reports. tof vba 
1 Presented at the Annual Meeting, New York, N. Y., January 16, 1935. ae 

2 Transactions, Am. Soc. C. E., Vol. LXXXV (1922), 13838. 
8 The forms _were an 

(1926), 
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_ The Special © Committee held” that a general flood formula or series of 


‘s  ieeains would not serve the needs of the profession, because formulas | do 1 
_ make available to the user the original data on which they are based and 


a — hence do not furnish any reliable clue as Tegards their applicability or prob- 
error in. any given problem. It strongly advocated the publication of the 


me agency, 
a Federal 1 Bureau, be « created to undertake the collecting, listing, 


ory analyzing of flood data for streams throughout the United States, this t 


_ agency to maintain | a repository of authentic flood data complete a1 and reliable re 
to a degree not attainable by either individual or co-operative effort on the 


Although the Special | Committee urged this program consistently in its 


m3 ee progress reports, and although i in Tune, 1925, presentations were made © 


: , by, the ‘President of the Society to the Director of, ‘the Bureau of the Budget yi 
a view to having funds made available to the W ater Resources Branch 


of the United States Geological Survey with which to undertake this work, — 
all efforts proved fruitless. As the ‘magnitude of the proposed undertaking 


clearly beyond the resources of the Society, nothing “could be done, and 
he Committee was dissolved by the Board of Direction during the latter i 


_of 192 Be tii ao ai fe to byt. 

Subsequent events conspired to revive interest in floo data. The 


*{ 


* af these was the extensive series of surveys and reports ordered by Congress — 
Ain “March, 1928, ‘relating to the possibilities of co-ordinated development of 
ee - nearly 200 rivers in the United States with respect to navigation, power, flood — 
control, and irrigation. Known as the South reports, because of having 


1 


originally been proposed to “Congress in 1926, in House Document No. 


69th Congress, Ist Session, these reports dealt with» floods, on many 
“streams, both the matter of flood control and for the ‘storage of 
flood waters for various proposed uses. 1 the preparation of these reports 


the Corps of Engineers, ‘United States Army, under whose direction | 
majority of the “308” surve were made, undertook compilations of flood 
ey 


Pe, data and flood frequency, studies for many water- sheds i in the United States. 


was also the ever-recurring damage toll great, 
‘country. ‘The stimulus given to water resources development: 
oy by the new Administration led in 1934 to the fr ihe of $25 000 from funds P 


supplied by the Federal Public Works» Administration to the Mississippi 


Valley Committee for. the compiling and analyzing of flood data and an 
additional $20 000 for the of ‘rainfall run-off data. o 
new Com- 


tet *¥First used in Bulletin 5, Rept. to the Legislature of 1923 on the 
of California, — LVIII to xchti, 
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March, 


‘mittee on “Flood Protection! Data to assist it in capacity in 


activities of the new Committee as reflected in this 


therefore, mark the resumption of the Society’s previous efforts in a field 


of en ndeavor i in which. it was'a a pioneer twelve years ago. _ Indications are that aS 
the Society’ s earlier hope of seeing the Engineering Profession provided some — ee 

day with repository « of authentic flood data for American 
now | bids fair to become a ‘Teality. . One fe feature of this progress report is of ; 

especial interest ‘this con onnectio namely, the. Committee’s solicitude 
seeing to. it that» these. compilations and analyses of flood data shall be 


“maximum valve to ‘Profession compatible with the small sum 


The Committee Flood Protectic n Data was originally 
assist the Mississippi Valley” Committee of the Government in an advisor 


capacity i in connection ¥ with compilations and of flood data pertain 


after. the compilations started. The first. meeting of the Com 


4 mittee was held in Washington, D. C., on August 30 and 31, soon after funds 


had been allotted for its use. On this occasion close contact was established | 4 


the work of compiling the data being’ done by personnel of the Water 
Resources Branch of the U. S. Geological § a 
the Federal Public ‘Administration. Conferences were with 
+ N. ont Grover, M. Am. Soe. C. E., Chief Hydraulic Engineer, U. S. Geological — a “= 
Survey, C. H. Paul and s. M. Woodward, ‘Members, Am. Soc. C. E. of the 
Mississippi Valley Committee, Professor J. J. ‘Slade, J r, ‘Merrill M. Bernard, 
Am. Soe. 0. E, and Captain John P Dean, Corps: of Engineers, U. S. 
Army, engaged on special studies ] pertaining ‘to flood data. the Mississippi 
Valley Committee then expected to be relieved from duty on September 30, 


the Committee ‘on Flood Protection Data, in submitting its secre 4 
 ineluded the following s statement: 


Valley’ and be extended to cover the entir 


b lene relating to the conservation and utilization of water resources. The | 
- Committee respectfully requests that this matter be brought to the attention — 
of the Water Resources Section of the National Resources, Board, and — 
expresses the hope that means may be found by which all flood data compiled a ‘ 
for the Mississippi ‘Valley Committee and the National Resources Board 
‘may be published so as to be available for the use of administrative officials — ia _ 
1934, when the National Resources Board over the 


of the Mississippi ‘Valley Committee, the | compiling of flood 
“extended to include the streams 0 of the entire U nited States. The Committee 


on ‘Flood Protection Data automatically became advisory to the Director of 
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ection iof the: Resourses! Boards. 
“of and flood data wa was continued by the ‘Water 


= ak of the U. S. Geological ‘Survey. J Assurance was received that the data 


would be made available for distribution in published form. 
At its second meeting held in ‘Washington, D. November 15 and 16, 


1934, the Committee conferred at length - with Mr. ‘Grover r, under whose gen- : 

direction the work, was being done, and also with R. Ww. ‘Davenport: and 
C. S. J arvis, Members, Am. Soe. C of the Water Resources ‘Branch, who 
had immediate supervision over the work. As the result of this “meeting 

: recommendations were rienossanmaate by the Committee, the more important ones 


regards" the compilation ‘of flood as. — 


yield. This relieves him of the necessity of undertaking | research. work of 


in array of flood events as historical and engineering recor rds cz can be made t¢ » 


this. kind at a time when. his energies ‘usually are fully ‘occupied. On the 


other hand, studies to ascertain the probable frequency of recurrence of floods . 


of various “magnitudes, such | as be needed ina particular engineering 
problem, can readily be made by a any competent engineer once he has access 
to adequate data. As this Committee visualizes ‘it, the primary objective of 
eompilations and referred to is to “supply such adequate data. 4 


s the S. Geological 


make entirely clear for ‘the Committee's position, 


problem usually calls. for some specific method of ‘analysis, an age 


frequency curve. based on available flood data or may “not give the 
answer, Generalizations are "dangerous, and all, that. can 


Sead with flood. data in the absence of a . definite problem, is to generalize. a “Clearly, 
it is the function of the engineer in rge 0 

; Project to make ‘such’ analyses as will give him the proper answer. gL a 


For instance, in bridge design, maximum recorded. stages and the highe 
stage probable of occurrence are of prime importance, flood frequency 


analyses. may have to be ‘predicated solely on. river stages to the exclusion of : 
discharges, « or it may: have to be based ed on f flood discharges | as well as on flood — 


stages. In planning ‘costly coffer- dams, the economic problem i is how low 
structure will, answer the purpose 1 without being overtopped by the majority 
re of floods likely to occur during its life. The latter may | be only a matter of 


a few m months, and the narrows down to a 
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‘floods will sof interest. 
of floods becomes of importance is in flood-control studies for the protection of os Re 
agricultural lands’ along certain Atlantic Coast streams whose winter floods, — tae 
although frequent, 1 may be beneficial rather than detrimental to the farmer, EAS 
but. where sumn mer floods, and specially fall floods induced by tropical 


Three ‘distinet types of floods must be: considered in this” case, ‘distinct 1 
| only as regards type. of d destructiveness but also as to meteorological | origin. i 
Separate frequency curves” must be prepared, therefore, for s such types of ‘sy eee he 
floods in problems of this: kind. One general frequency curve based on 
all floods of record, “if used in. flood- control studies of the ind referred to, 
might lead to erroneous conclusions. Even. more important it to avoid 


generalization | in dealing with flood data pertaining» to streams ‘othe = 


Rocky afford good illustrations, a: as cloudbursts are annual 
rences in that Tegion. Their flood peaks: normally are the result of melting 
snows and summer rains If, in addition, cloudbursts occur, in 


shed close enough above | a gauging station so as ‘to cause extreme concentra- 


tion of run-off at that t point, the resulting flood stage and discharge cannot 

3 logically be used in a general frequency analysis along with the normal flood 

peak data referred to. Cloudburst floods belong in a separate category 

# require separate consideration. In tabulations of flood data, ‘it is p eee 

therefore, to call attention to flood events which involve cloudburst. run-off, 
as mere ‘inspection of the tabulated figures will not bring such ‘cases readily 
x to light. The destructive flood of June 4, 1921, on the Arkansas River, at — re 
Pueblo, Colo., isa a case of this kind. Be 
Again, in determining the capacity, ‘of a regulating reservoir, whether for 


wet irrigation, flood control, ‘public water supply, or ‘other purposes, knowl- — 


: ge of the total volumes discharged by floods i is of great importance, andthe | 
Pe should be sufficiently complete so that this information can be obtained. 
For detention basins for flood control, the total v volume of flood discharge _ oe 


| is likewise the controlling factor. In designing the spillway for a dam it is 


necessary t to ‘consider | the greatest peak discharge, or the greatest aver-— 
age discharge likely to occur, depending upon the conditions to be met. ae 
the case of flood channels, levees, and non-impounding structures, peak stage 

and peak discharge are the important factors, while flood volume and 24- he 
average discharge are of lesser significance. In. designing flood- 
reservoirs, ‘it is vital’ to know 1 the shortest interval of time “recorded between 
great flo weit: aa provision for emptying must be made accordingly. On streams — 
along the Southern Atlantic Coast it has been observed repeatedly ‘that two 
major floods “have succeeded each other within ten days. This’ accentuates 
the importance of including in a flood record every occurrence above a basic — 
stage; it also illustrates fittingly the inadequacy of any method of making 
frequency § studies in which only the greatest flood in n each year, or in each Es 


month, i is considered, and other ‘floods, perhaps equally en. but n 
80 gr i 


eat, are 
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will “obvious from ‘the foregoing | that at a Government agency such as 
NF onies aia in compiling flood data can not possibly prepare frequency 
er curves to cover such a variety of conditions, but it can be of considerable 
; ee assistance in showing the relative values of different ‘methods of determining 
flood frequency, ‘and by publishing illustrations of various problems and 
Pin methods of analysis: and use of flood data. . This Committee d does not presume 
= — to express a 1 preference for any particular ‘method of frequency, ‘0 or of other 
a a analysis, recognizing the fact. that the nature of the problem and the. quality 


the. available data should govern the mode of treatment to be selected. 


= However, it is strongly of the opinion that the most desirable method in any 
ven case will which will combine the following features or 


) It be capable of utilizing ‘to their fullest value all available 


2 ey flood data for the locality under consideration—that is, not only those con- 


- tained in continuous gauge records, but also the earlier flood events concern- 
es ata ing which definite and fairly complete data are  obtainable—and should permit 
of giving proper weight to such data. ‘Engineering practice ‘is vitally con 
= ‘cerned with the greatest floods ‘on record, and any frequency method which 
EE con to i include all ‘such occurrences cannot be classed as a satisfactory tool bee 
(b) Whatever the 1 mathematical method used, it ‘should permit « of the ‘exer: 


of judgment: in the final adjustment of diagrammatic representations. 


ess This will be necessary nearly always: when the continuous record is ; short, and 


—.-s all cases where great historic floods are to be taken into account. mn 
It is recognized d that 1 mathematical analyses may perform a useful fune- 


in flood studies in reducing the elements to be determined by judgment 


toa simple and definite form, but it is also recognized that a mathematical 
analysis even though technically correct can not give results more accurate 


than the data on which it is based, and that ‘such analyses | should n not be 


depended up upon to the exclusion of sound engineering judgment. 
_ Whatever may be the value or convenience of f statistical methods as 

= neg applied to flood frequency analyses, it should be remembered, nevertheless, 


> that data such ‘as compose. the majority of flood records rarely form : a true 


mathematical: series satisfying the requirements of the e method of least 
‘squares. The irregular time intervals between “flood events; the errors 


the observations of both stage and discharge; ‘and changes in 


methods and appliances for making such observations, especially during the 


ve ar comparability of the flood events viewed as a strict mathematical series, 


or as a sample truly representative. of a long period of time. This emphasizes 


a - the value of graphical methods of analysis in which data of unequal we eights 
be earmarked and assigned such weights a as ‘engineering judgment may 


Committee recognizes there is a natural maximum limit to the 
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ON DATA 


ther 


by statistical means or from considerations, or both, is more 
5 importance than ‘the determination of frequencies of occurrence of floods of eas 


“Tabulations showing comparisons of flood flows expressed in terms 


calenda r-day a averages, maximum 24-hr ‘averages, and peak discharges appear 
to the Committee as of considerable value a: as they invite attention to the 
‘relative , differences between average and peak ‘discharges from different kinds ae 
of -water-sheds. ‘These differences are greater for flashy str streams than 

slowly rising and falling streams, and, in general, are greater for 8 streams 


draining small water- -sheds for large rivers, which emphasizes. the 


e data ie drainage 


10000 sq sq miles and 
| The Committee urges that the National Resources Board 


dation that s suitable provision be made: First, for continuing the work: 


compiling flood data to cover all streams \ on which gauges : are maintained, eee 
to the end that a ‘Tepository for such data be created, and “maintained perma- eh 

nently, | provision to be made for extending the. records a as time goes on 
by the addition of new as well as historic data as they ‘become ‘available; a 


4 second, for the co- -ordination of all s stream-gauging operations and alia: 


° nance of gauge 1 ‘records now being handled by divers Bureaus of the Govern- ot 


18. ment | by one Federal agency which | will have charge of - the analyses and cig 
nd cation of stream and other hydrologic data, including flood data; third, ‘that 
% some form of ‘supervisory agency be set up to direct and advise su such wo ork, 


c- this latter agency to. include members of the Engineering Profession not _ 
nt “gaged in Government work, as well as members of Government organiza- 


cal | | tions having occasion to use such data but not _ engaged in their collection. — 


ate | One : important function: of such a supervisory agency would be to Prevent 
be @ apses in the | collection of essential data and to . see that ‘there is adequate 


4 unification o: of ' methods and correlation of, the data with regard to the different hae 
a wes which may b be made thereof, and to prevent duplication of effort. = This ~ 


038, should increase greatly the and ‘efficiency | of the data and at the same 


aa time should reduce materially the cost of collection. For example, it 
ast possible to 1 maintain in ‘conjunction, with an important gauging 


aporation record, a river-stage record, an a 
the This Cnenaniitens senses that more | effective water utilization, such as will 
city result from the proposed National p program of development of. the water — 
Tesources of the United States » necessarily will affect natural st stream 
it will | cause material modification of flood stages an and discharges, and 
make it increasingly difficult in the future to secure records ‘representi 
natural stream flow. | This -ipeilliahea has" already ‘made itself felt on a numbe 
of streams. In view 0: of this inipending situation, it appears especially i — me 


oe 
tant that stream- flow - operations and the « compiling of flood : records be. pushed fenict 
Tigorously a 
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the future utilization of the water resources. of the United | States, in all its 


phases, is dependent upon the adequacy and | accuracy of of river 


Gerarp H. Marries, Chairman, 4 
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RICAN “Society OF CIVIL ENGINEERS 


MASONRY AND -REINFORCED CONCRETE? 


PROGRESS. REPORT OF COMMITTEE OF THE 


esthute oils ‘gn STRUCTURAL DIVISION 


Committee of the ‘Structural Division on: Masomay -anid 
Concrete is divided into six Sub- Committees, for the study of. design problems — es 
in reinforced ‘concrete in connection with: (A). Rigid corners; ; (B) frames 
under. wind loads; 3 (C) volume changes ;:(D). columns; two-way slabs; 


Sus-Commirree (A) on tHE Desicy, oF Riem CORNERS | 


Late in 1933 eame to the attention’ of S ‘Sub- Committee that an 
elaborate study of this problem is under way in a Mid-West university. 
_ Accordingly, this Sub- Committee is marking time until the investigation » is ge ‘ng 


3 
Q 


mmi markin v 


Comaarrer (B) 0 ON REINFORCED ConoreTE. FRAMES. Loan 


it” presents no report “at this ‘time,’ Sub- Committes’ (B) i is 


Sus-CoMMITTEE (C) ON THE ‘UPON ‘Srrvorurat Desien | OF. 


notsb, ‘Votume OHANGES Prastic ‘Fiow Concrete 


stress distribution. in reinforced menibers. under conditions of sus-_ 


tained stress” and ‘variations in “moisture eontent; and (2) to recommend 


modifications design “procedure and design: to take into 


Three Viewpoints are being | considered : “That of edientiffe investi- 


gator, oho is. | interested in observing the effect of individual variables u pon 


the magnitude ‘of volume change; that of the structural "designer, ‘who 
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irectly t 
1 be transmitted d tly 
Norge.—Written discussion use in- preparing subseq uent 
the Chairman of the Committee for Structural Division, New York, N. 


MASONRY AND REINFORCED CONCRETE = 


= would like to include i in his design formulas some simple coeflicient to allow 


Be; hg for the effects of volume change and who would like more adequate criteria for 
such matters as joint spacing; and (3) ‘that of the constructor, who would 


like some working rule with regard to procedures which will reduce 


So far, the of the Sub-Committee has been confined to studies of 
existing: data and to the making of preliminary tests on concrete to define 
factors which must be considered in approaching the structural aspects 


of the problem. The Sub-Committee is ‘unanimous in ‘the opinion that rela- 
tively” little of the existing information (except with regard to | reinforced 


agi columns) can b be utilized directly. by the designer; but. from the studies made — 
it has been formulate the general nature of necessary future 


Nature and of Existing ‘Data—The available information 
may be evaluated upon two bases: coy With respect to theories of the. funda- 
mental nature of the phenomena ; (2) with respect ‘to an indication be 


the effect and extent or limit of ‘flow and shrinkage. — 


their ‘may require ‘different techniques, in. their 
tion to structures they should be considered simultaneously. OL) 


ae ‘The problem of crack formation with re relation to volumé changes is one 
a of extreme importance, and it is believed that the investigation cannot h hope 


gs one to approach a satisfactory solution until this phenomenon i is understood 1 more 
Orack formation enters as the most seriously disturbing clement | 


ffe 
@istribute and the s stress in the concrete of “members, 
“increase the stress in the steel. wo (a 

_ Investigations of Plastic Flow.—Extensive tests on columns have been 
condueted by the American” Concrete Institute? which have yielded valuable 7 
information. Recent tests* on ‘rigid concrete frames have indicated that the 

distribution ‘of moments is not ‘greatly affected by plastic flow. 
Investigations of ygral Deformations. —The literature on hygral deforma- 4 
atic | 
a ee tions of conerete is abundant, but. there i is little correlation between the results _ 
of, various investigators. _Explora atory tests by _members of ‘Sub- Committee 
(0) have demonstrated that concrete does not shrink uniformly i in all direc- — 


tions, but that shrinkage oc occurs largely at right angles” to the direction of 


moisture travel. Since in several service structures shrinkage measurements q 

were ‘attempted only at the surface and in the direction of moisture ‘travel 


(because in that direction restraint was a a minimum), the indicated results 3 

did not represent the true shrinkage in the direction wie affected the me 


_ formance of the structure. 


ery 


“im. Conerete Inst., fore 
“Plastic Flow in Rigid “Richart Brown: Journal, Concrete 
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Structural of Flow and 


invited | to 9 consider and | to suggest n modifications of this outline, which is con- 


sidered - important inasmuch as it may serve as a guide in future studies. oS ee. 
“tos Building Frames.—Members are. relatively long | and narrow. In this case, a 
strains and thermal deformations may be | handled separately Peg other types 


“of volume change and according to present methods. The following detailed _ 
discussion of the various _ members includes. columns, beams or girders, 


monolithic frames, and walls. fag yiens zbodzony ad 


—Columns. —The average effect of flow and shrinkage in columns i a ny 
to -inerease steel : stress with the passing of time. Since the steel is placed — 
uniformly and on the outside « of a column, 1 , the problem of ae. under 


axial load might be ‘solved on the basis of average deformation of 


member; that is, variations across the need not | be taken into ‘account. 


Beams | or Girders, —Variation in across. _the section of 


a beam girder must be considered , although in ‘cases the hygral 
deformations ‘may be considered as” uniform across the “section. r 
affected are: (1) Deflection or of the beam; (2) change ‘1 in steel. 


stress; and, (3) nes 3 in length of the beam with ‘resulting axial tension if 
the abutments are rigid, resulting i in cracking across: the entire beam. aa lh 


©) —Monolithic Frames. —Flow and shrinkage ‘probably have little effect a 
= ‘moments in the frame considered as a whole, 
(d). —Floor- Slabs. —Consideration ‘should be given to sagging, surface 


cracking, and cracking due to tension set up by floor- slabs shrinking : away % 


—Walls. —Contraction the process of drying is of eatest. 


importance in ‘the case of walls; flow is relatively unimportant. 


tion should be given to surface ‘and to vertical or diagonal pas 
due to horizontal shrinkage, with horizontal restraint that varies from almost 


full r restraint at the foundation to almost no restraint at the upper stories.’ # 


Structures, Class A—In_ the category of sem massiv 
structures are: included footings, piers, _ small. abutments, retaining wall 


roadway. slabs on st subgrade, and bridge decks. and thermal deforma 


‘deformations, flow tends to relieve the stresses and to ‘delay cracking. Thus, 
the } hygral- stress ‘problem involves an estimate of the extensibility. of the « con- 
as well as’ the tendency tec to ‘contract upon drying. 

Ih cases of 1 ‘no end restraint (as. for a pier or ‘for short abutments) the) 
variation in hygral deformation across the section ‘results surface crack- 


ing and, ‘therefore, in deoreased to “weathering: In road- slabs and! 


Shrinkage.—Following, in outline form, 
to various types of structures q 
d 
— 
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type: of footings, the difference in. exposure ‘of the: two sides: makes" 
variation of hygral- deformations “across the section important; surface 
eracking’ and ‘ ‘curling” aré also involved. In long 1 retaining walls and abut- 
ments, road-slabs, and ‘eertain footings, the average shrinkage is: ‘important: 
x ‘in determining the frequency | of — cracks and the | spacing of contraction 


Semi- Structures, Class ribs and heavy girder bridges 


4 included in ‘the catagory of semi-massive structures Class B. these 


structures’ ‘elastic deformations due to ‘live load and thermal ‘deformations 


; to rapid changes of atmospheric temperature may ‘be handled separately 
— present methods of analysis. a arches, plastic deformations are important 
should probably be sttidied’ separately ont ‘the basis ‘of average deforma- 


with respect to both 
effect and variation — the section. In heavy winders, the 


| shrinkage, acting simultaneously, 


bo th of | to a3 rise in ‘temperature result- 


‘ing from hydration the may be a factor and may Tequire'a special 

= for each Thermal and plastic as 

are 

“lastic _ Stresses due 


to loads, ‘and foundation’ to gravity’ loads may be cal- 


culated by the usual methods. In thick dams ‘the effect ‘of changes in 

a atmospheric temperature may be. of small importance and i in any event would 


be studied in ‘combination with thermal changes: throughou ut the dam due | to 
Neat of setting : and its dissipation. — In thin arch dams, the effects: of changes 


at atmospheric temperature would probably be, best handled. separately. Th 


arch dams, the problem of plastic, combined with thermal, deformations: may 


= of ‘great importance; and the nature of the stress action requires consid- 


a eration of changes i in three dimensions. Except in so far as surface cracking 


is concerned, hygral deformations may be of little importance in “dams. 


Present Plans ‘of Stib-Committee'* (C). — The work: which ‘the: Sub- 


-Conimittee has outlined for’ itself for the is, ‘as follows: 
An attempt to, correlate. existing ‘information on free hygral def forma-, 
Continued. study and. labor atory, investigation of; the, ;fondamental 


Continued d laboratory: investigntion and of. the _ “directional” 


parallel to to the direction of moisture Joss and at various distances from the sur 


of, the effect of ‘size of mass ‘hygral. deformations); 
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‘ 


a (4). Assuming various types of flow and shrinkage, to make an ‘analytical 


“windy. of stress distribution in. structural members due to these causes. 


¢ 
Work which it is "desirable to inaugurate in the x future, but which, 


present, is impossible because of lack of funds, is as’ follows: bik 


(a) Comprehensive investigations of the shrinkage throughout the mas 


masses of various sizes and shapes and for various exposures ; 195 


investigations, of, the effect, of flow and shrinkage upon 
nds, under ‘controlled 


én moments and stresses in ‘rigid frames; and 
A comprehensive series of investigations to determine the ‘elation 
between volume change of concrete exposed to job conditions and concrete 
specimens subjected to a “standard exposure cycle” in the laboratory. — in 


Sub- Committee (D) was organized the Summer of 1934. It proposes 


to co- -ordinate existing laboratory, ‘data on columns axially ‘loaded and to 
“study certain phases of the of. these tests to 


between beam columns, i is essential for further progress in 
of continuity” for ‘proper selection ‘of working stresses in columns. 


series of tests on concrete columns ‘eccentrically loaded is now in “progress 


at the University of Illinois, and the ‘Sub- Committee plans to ‘Keep’ in touch | : 
‘Sus- -COMMITTEE ON -Remrorcep Concrere: Stans Suprortsp on 


The unique provisions ‘relating’ to two- 


code for New York City have directed to > the nature 
“present design knowledge for this important form: of floor construction. 

Bub-C -Committee was organized i in December, 1934, and has not had time 


to ws more than make a ert 


considerable progress in 


Tock to the design of flat slabs, the available data have not yet been ex a, 


hausted. Qurrent design coefficients for regular flat slabs are based upon 
“analysis published i in 1921 by H. M. Westergaard, M. Am. Soe. C. Et Addi- 


“tional data in his paper are available for determination of moment coefficients 
ty ‘Moments. and Stresses in Slabs,” ' by H. M. Wes 
ns 
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- Ms for some irregular types of flat slabs. From this study Sub- Committee ( (F) 


prepared two complete of design “specifications as follows : 
+3 (A) Regulations for the design of flat slabs arranged in two rows of 


ape panels, and arranged in four adjacent « corner panels, asing the two- -way type 

(2) Regulations for the design of fiat slabs without column capitals, or 


with capitals imited to — = 0.125, using the two- iia ft type of f reinforcement. 


mmittes been completed, but not 


Th 
expected to be r eady for early ublication. 
The personnel of the various Sub-Committees is, as follows: 


Committee (A).— —O. B. McCullough, Thor. Germunds- 


Morris, Chairman, Coyle, Albert 


Davis, Chairman, R. W. Carlson, H. E. 

Sub-Committee (D). Hardy Cross, Chairman, Moisseiff, 


Sub- -Committee (£).—Ben Moreell, Chairman, J. R. Nichol § 
Committee (F) —Thor Germundsson, Chairman, 


Contact Member. — —J. Leonard, sind | 


Representative of ‘Railway Engineering ssociation.— F. R. 


on 1 Masonry and. Reinforced Concrete, 
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OF SHEET- PILE BULKHE! 


Dr. Ina. E. Loumever® * (by. letter).™* —The calculations pertaining to 


tests described in this Paper are. based method developed by 


4 


*.. 


cr 


“matical study indicates particularly ‘the direction further scientific 
treatment of the extraordinarily complicated problems of the passive re- 
sistance of soil. i Iti is to be regretted that additional tests with varied loads, 
not have been run. Nevertheless. the data presented confirm the use- 
fulness of Blum’ 8 method, which the writer recommended for the caleulation — 
bulkheads several ago, , for the reason that, since it takes account of 
_ restraint at the bottom, it approaches ¢ essentially closer to actual conditions 

than any other method of calculation used to that time. Mr. Baumann’s 
experiments result ina somewhat different distribution of the passive re- 
__ sistance, the most important results, however (the position of the “substituted” 
support nd the depth “penetration) remain substantially unaltered. ip 
Henceforth, ‘it will not be necessary to base such calculations on curved 
surfaces of rupture, as developed by Mr. Baumann, because present Imowl- 
edge of the action of soil is 80 incomplete that the more precise, but atte. 


The writer endorsed the Blum method as a particularly shor ¢ ‘oie, 
which. ‘makes it possible ‘gain a quick understanding of the influence of 


fundamental premises concerning soil the internal frictio 
of the soil, water levels, ‘ete. Changes in these premises within the waza 


Nore. “The paper Paul Baumann, M. Soe. C. E., was published in March, 
1934, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 
In May, 1934, by Jacob Feld, M. Am. Soc. C. E.; August, 1934, by Mesers. -R. L. Vaughn, be 
.M. A. Drucker, and Raymond | P. Pennoyer ; October, 1934, by D. P. Krynine, M. Am. 


Soc. C. B.; November, 1934, by Dr. ‘Ing: BE. h. O. Franzius ; and» December, 1934; by 
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.~ ae... “Einspannungsverhaeltnisse bei Bohlwerken”, von Dr. Ing. Blum, Berlin, 19 


“Der Grundbau”, vo Brennecke- Lohmeyer, 4, Auf, “pp. 61-92, 
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also within, the limits nearly always alter the results 


of the calculation to a! greater dégree ‘than the method of calculation 


matter how carefully that may be applied. _ Nevertheless, the ‘scientific 


the n more precise calculation for the ‘development of earth- ‘pressure 


fe 
= the action off | is beyond doubt, when 
any case, one cannot be too in assigning a 


value to the passive ‘resistance, of .a,toe slope under water in front of the 


_ bulkhead ; if there is any doubt | a should consider ‘that resistance as. zero. 
However, the writer does not. wish enlarge on this question ; he would 


rather” confine himself to one of the” section 


| Lot 
: 
the proportion of the moments of inertia, exactly equal to. the by 
Correspondingly, in Table 3, “the” modulus, Se, has been she 
from the of Ie, According to the equation: or 


‘The’ concept of ‘the: moment of resistance of a originates with “th 

in which, f = the stress in the extreme fiber of the cross-section; M, the — ne 
bending, moment. resisted by the beam; J, of‘inertia of the 
of the beam in relation: to ‘the gravity axis ; and,,. e, the distance. of 
extreme fiber from the neutral axis, fick te to 
In the case of simple bending the neutral axis. coincides with the 
and is constant. If the beam. is subjected to an. axial. force, in its: 
Tongitudinal direction, however, the neutral axis and the gravity axis no longer 
Consider. a deep, arched, sheet- -pile wall- wit interlocks, i in. the axis of 
the wall, set so tightly that ‘they be: considered as a unit. “In this case, the 
ag piles are subjected to. simple bending only, the wall ben around the gravity 


axis, , the neutral axis coincides with the gravity | axis, the stress is as 


indicated in Fig. 24(a). there is no friction or ‘ ‘jamming” in the interlock 
to. oppose | the reciprocal shifting’ of the: piles—or, in’ oth er words, if there is 


Lee 


no o shearing force transmitted in “the. ‘{nterlock—so that piles can slide in 


Ma 
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March, 1985 LOHMEYER ANALYSIS OF” ‘SHEET- PILE 
ithout resistance, then the individual: piles are likewise’ siibjéoted to Simple 
bending. Tn that “ease, however, they their own axes of 


it tn ono 


‘ett i ot 


art 


the e must tia entered in Bastion in relation to 


i to subiy y Yo 4 _ 
T he distribution of stress varies between the two boundary cases 3 
En Fig. 24(a) and Fig. 24(b), respectively. | It depends on, the amount of the 
_ shearing force which the interlocks of one pile can transmit to the other. . As 
ong as ‘the: shearing force created in the interlock by “the: load” cannot be 


e cannot | base the calculation of the, -extreme fiber stres 
the, wall 2 as a unit. The designer must begin with ‘the individual pil 
“that i is subjected to its “respective | share of ‘the bending moment resulting from 
“the regyerges: and to two longitudinal forces that are caused by the tr ns- 
of the shearing force = the neighboring pile in’ the interlock. 
this shearing force equals the individual piles are “subjected to pure” 
- bending stress, and the neutral axis lies i in the axis ‘of gravity of the indi- 
vidual pile, a “Tf the shearing stress increases, , the. oF 
stress from. the shearing, force i is added to the ‘pure. bending s stress, and the 


A 
neutral axis moves from thie Position, ‘parallel to the! wall axis, n- 


@ 


RY 
x of taking care, ‘of the full shearing ‘stress.’ The extreme ‘fiber stresses to 


1 according to. 


dis. ta iw 
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r from ‘he. This means that e is variable if the shearing 


stress i is between zero and the full value, and i in that case it cannot be assumed i 'sg 


The position of the neutral axis on the magnitude of ‘the trans-— 
a mitted shearing stress. In the follow ing analyses, its distance, yz, from the c 
of gr gravity ‘of the individual. ‘pile is to be calculated in its relation 


magnitude of the shearing | stress. For one of the: piles is 


moment of of the individu al pile in its axis 
elt _ In = moment of inertia of the individual pile in relation to the wall : 


stress, in each interlock. m, the follow- 


| 


= cross-sectional area of the individual pile; 
sith @ = distance of the extreme fiber from the wall axis, n-n; alt 


= distance of the axis of gravity, 2-2, of the individual pile’ 
from the wall axis, n-n; MRI 
-y = distance of a random point in the cross-section, Ay, from the 


of gravity, the i individual pile (positive 


Wik 

Yo = distance of the axis from ‘the axis” of gravity, 


Yq = distance of. the extreme fiber opposite the interlock side of the 
individual pile, from the axis of gravity, - 23. 
= distance of the extreme fiber on the interlock side of the indi- 

vidual pile from the axis of gravity, 7-2; 


= - the shearing force transmitted to each interlock of the examined = 


develops if the interlock is of te entire 


distance, — [e-e’], from the gravity axis, x - ey ads 
fe = extreme fiber stress of the interlock side of the pile (ata a dis 
fa = extreme fiber stress on the outside of the wall with full develop ne 
Mept.of the shearing stress; 


he extreme fiber stress on the interlock side of the pile with ‘full ay 
development of the shearing stress; 
y= ‘= deflection of the wall at a given point with development 
the shearing stress in the interlock; = = 


- $s = deflection of the wall at a given Lary with full development 0 
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The equation for the neutral axis is obtained by bir’ = 
= 


Substituting the value of T’ Equation (109), i in quation (107): = 


For the extreme case (see Fig. 24(b)) in which no shearing force is se ccd 
mitted in the interlock (that is, for Y= 0), the neutral axis coincides with 


ay ay gravity axis, a- 2, of the individual pile, and Yo = 0. The extreme fiber a 
> [i stresses of the pile in this case are sapremeed by Equations (107) and (110), ae: : 4 
thus: On the outside ile, with y = — = — 


a and on the interlock side of the pile, with y = yi: ys ie 
4 


extreme case (see Fig. 94(a)), in which the shearing force resulting 


“ gf hel the load is fully taken up in the interlock (that i is, for r= = T), 2s 
neutral axis coincides with the axis of the wall, and ys = = 
the shearing force according to Equation (109) is, 


on and siaaatileai to Equation (111), the extreme fiber stress on the outside of the | 


a 


re 
4 
| 
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value, for fo in Equation. (117). results directly from. Equation 
-406).- The ‘magnitude of th the extreme ‘fiber stress, fis on the interlock side 


deflection at. acgiven point follows the 


in whi hich quantity, M2 the statical moment of the 

ment area in relation to the vertical through the support. The moment area of the 


a individual pile consists Of the pile’s share, M’, of the bending moment from 
the load and af. the moment sion (100) from the force, T’. 


elation, 


oT; ‘Ye 


One may assume with wuificient® approximation that, for equal loads, the 


share, of the shearing force absorption, consequently, the ‘distance, Yor 


‘the gravity axis, is equal within, the boundaries of the moment 


"extreme fiber stresses proportion ‘to tha extreme 


stresses, ‘and deflections i in case of complete absorption of the 


this purpose one the following proportions, which result bal 


shearing force from Equations (109) and (114), for the extreme fiber sttesses 


‘from Equations (110) and (116), and for ‘the deflections from Equations an) 


+ Ay (e’)? 
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or instance, for a certain s 
characteristics are published Te 


= 7.34 em; = 9.49 cm; and, 
| Substituting these’ values, the expression comm 
A A;e’ + 58.6 x 7:34 x 


nd, ‘decpfding to Equations (128) to (125) : 
4 6.16) wey 12.213 0.905 (6. 16 +. 


values" _were calculated orl different ‘ye, of the ‘neutral 
“a § axis from the axis of gravity of the individual pile, and the results plotted in 
‘Fig. 26(a beginning with the position of the neutral axis; that is, for 
different magnitudes of yr. For each valtie of Yr- one can easi ily begin with 
the share of the shearing corresponding to this po position (which 
no absorbed by the interlock) and the increase of | the extreme 1 fiber ‘stresses and 

deflections as compared to the condition: where the shearing force is fully 
transm ‘itted in the interlock. This process has been ‘repeated in Fig. 26(b), 
at ‘except that the values of Ye , have been so Gistortet that the plotted values 
zg — | as a a straight line. Consequently, the curves for ‘the ‘stresses 
Og and deflections also become straight and the stresses ‘andi the 
crease with the decrease the force in 

transmission in the interlock, the extreme f fiber stress, La, of the ‘outer fibe 

slowly with a an equal load, but with decreasing shear transm 
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xtreme fiber “stress, fi, of the inner extreme fiber of the pile eu the inter- 
ock side) grows faster from its originally insignificant value (0.16 fa), od 
eaches, with fi = Po = 1.08 the value of | the outer extreme fiber stress, 
ift the interlock absorbs s only | 0. 42 of the e full shearing force. Hence, fi > Ve 
— summary ¢ of the values . corresponding to the two boundary eases, and the 


conditions under which = 0.42 ‘T, and = fa, is given in Table 6. 


me Inner extreme fiber 
force Outer extreme stress (interlock | Equivalent moment 


. 


08 fo git 


ba ” section modulus, is com 
"puted as to the full centalog value, ” Se, telative to the axis 


the wall. Introducing “this section modulus, | in Equation (106), one 
arrives at the extreme fiber stress resulting from the 


foregoing values are valid for particular type and ‘size of standard 


tu 


treme fiber stress in the standard sheet- -piling under discussion increases only 


“insignificantly (about 8 to 10%), if the interlock can absorb about 0.4 to 0.5 

of the shearing equivalent to a reduction of 
the section is from 91 to 93 per ont, Wy if ‘the interlock absorbs a still 

: smaller ‘share of the shearing force, the extreme fiber stress: of the outer fiber 
des not not increase (only to about: at 115% of the original walue) 


“tearing force is transmitted. The extreme fiber stress of the i inner fiber 


(in the interlock), however, increases ‘more ‘rapidly, if the heating force 
aly below 0.4 to 0.5; but in this case ‘it must be considered that for the SF 


Protected extreme fiber interlock a higher stress appears 


than for the extreme fiber at the back of the pile. 


In conclusion, it may be stated that the question of the strength | of 
at 


Lote sheet- -piling (and, therefore, the question of the section modulus) is often 
-over-es estim nated as compared with a careful examination of. the. penetration. 


One should always observe. that, nearly, without exception, failures occur, 


decause the wall is too weak, but because it has “not been driven 
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USSIONS 


V OF ‘WATER AROUND BENDS IN PIPES 


Ler L. YARN LL, M. AM. Soc 


and Mavis in ‘their discussions of this ‘Paper. "Since it was neces- 


sary to limit the ler ngth of the paper, only the more important findings of. 


the investigation could, -be presented. ‘The fact that the tests were made 


esi on smooth pyralin pipe instead of commercial ‘pipe should not be overlooked. 7 
is, quite probable that losses in, commercial pipe of the same diameter a and 


radius of curvature would be greater. than those ob’ obtained in the. 


ee was unfortunate that tests could not have been made on pipe of. varying 
radii, but lack. of funds prevented such, a program, It is a source of satis- 
“faction that the tests reported by _Gumensky . conducted under, the 


direetion ‘of R. R. Proctor, “Assoc. M. Am. Soc. C. E., have | ‘been published in 
conn: nection with this. paper... Bob atimisg 


formulas for, lone: of and in 6-in, pyralin pipe were 


For a 45° bend, pln ait Aas bi Sil} to 


ow ee 


and, for a 180° bend) “tine ot aquth 


sami Note.—The ,paper by David L. Yarnell, M. Am. Soc. C. E., and the-late Floyd Mase 
Nagler, M. Am. Soc. C: B.,’ was presented at the Joint Meeting of the Power Division of i} 
the Society and the Hydraulics } ivision of the American Society of Mechanical Engineers. 4 

at the Annual Convention, Chicago; T11., on ‘June 29, 1933, and published in August, 1934, 

Proceedings. Discussion .on this aper appeared in. Proceedings as. follows: 
Laboratory. Iowa City. 
ite 7 99D 
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iJ 


It will be noted that the p. paper reports, for a 90° bend, a lower value 
of K (namely, 0.15), than that used by the Metropolitan Water District of 4 
Southern California. commercial pipe “(particularly the larger sizes) 
_ the value of K would be considerably greater than 0.15. Lupsig 
When unequal velocity distribution occurs at the beginning of the bend 
and excessive turbulent prevails within, and down stream from ‘it, the 


_ loss of head due to the bend Tai the turbulent flow will occur 


iy 


to that bends in ‘pipes, “objectionable as they are , had cer- 


tain good features. Thus, it is encouraging to. study the additional tests 
by Mr. ‘Lansford- on b bends as flow meters. , Mr. I Lansford states that the co- 


efficient is a constant: for velocities of 1.5 ft per sec, and greater. “ ‘This 
might not be true when ‘unequal velocity distribution prevails at the begin- 


ning of the bend. _ Mr. Lansford’s use of a bend as a flow meter in connection 


with pumps in the Hydraulics Laboratory of the: University of Ilinois is 


_ The references listed by Professor Mavis are valuable additions to the paper, is 
As he ‘States, transparent models have done much ‘to light on condi- 
‘The writer wishes” to acknowledge. ‘the assistance of Mr, Soucek 
pe on the ‘computations connected with these tests. In n closing, he wants to ye 
-emphasi “what he considers” probably the most important finding in. the 
investigation, namely, that ‘it is” “possible to ‘such conditions of flow 
that the Joss of head may be very little, or. unusually in the same e bend 
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MERICAN SOCIETY 0 F CIVIL ENGINEERS | 


~ ar by 


Bass," ‘M. ‘Ax. 800. Cc. E. (by letter) “_The conclusion” is ad- 
vanced i in this Symposium that, i in ‘the | division ‘of right-of-w -way costs for i 


thoroughfares among various beneficiaries, the land values_ and build-— 
_ing costs should be determined "separately. This principle is supported by 
‘Herrold: on the ground that’ building costs may be estimated accurately, 
E Whereas estimation of land values is likely to be affected by irrelevant influ- Ga 
ences, and ¢ opinions of experts a are to be supported by insufficient data. 


‘street’ widenings should be abutting property without cost. 
“other: words, he claims that, in condemnation proceedings, benefits and damages 
‘should be made “equal for land since the ‘owner receives his 


remuneration in “the increased value his ‘remaining property and 
obtaining the accessibility which his business requires. 


‘is a fact that when real property is completely transferred, ‘the 
chaser assumes all liabilities and encumbrances attached to the property. 


Tor mist 
or unconsciously, ‘made, must be equally 1 met. Where it « cannot 


shown that increased values of remaining | property ‘result and accessibility is 
improved for any particular property, the owner should no doubt: com- 


¥ _—pensated : for land taken. Ordinarily, however, the property does i increase in 
value, and accessibility is. improved by the street widening, and, to that 

extent, the owner should contribute. Mr. principle appears t to 


‘Nore. —Tle Symposium on Street Thoroughfares was published in August, 1934, 
ae Proceedings. Discussion on this Symposium has appeared | in Proceedings, as follows: “4 
; October, 1934, by H. Shifrin, M. Am. Soc. C. E., and November, 1934, by Donald M. 

Sei sD Cons. Engr. ; Prof. of Municipal and San. Eng., Univ. of Minnesota, Minneapolis, = 
Received by the Secretary January 4, 1985. 2 
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ouna STREET THOROUGHFARES | 


u. Soo. C. E. “(by letter).“—A statement of the 
plineiplo’ that ' or for street widenings of the standard widths 
required by the use should be provided by abutting property owners a 
‘ cost, is an important feature of the paper by Mr. Herrold. His observations 
and deductions m merit the most careful consideration at this time when ‘the 
development of comprehensive ‘Plans for much needed improvements in street 
7 transportation systems seems quite remote because of the financial situation 


ay 


‘This basic principle i is well fortified by fact and logic. 
author states, that street widths were determined vision, “generosity, 
. cupidity, and probably habit; that the introduction of the motor vehicle has 


a ‘tremendous | increase in the floor area that transportation ‘uses ; 


Iti is also a fact (see the heading “Users Should Pay”) that “in a city the 
character of use determines the width of the street and the width of the road- 
way, the latter being based the: almost uniform laws establishing 
widths. The roadway widths recommended by Mr. Herrold are 
standard. As a matter of basic principle it is ‘equitable that the owner of ; 
abutting "property ‘should pay the major part of ‘the, entire cost of th 
-right- of- -way or street width required for standard uses of property—the 1 pave 
ment to be paid for as determined by use. This judgment is based, not 
the theory that the original ¢ dedication was insufficient, because it probably 

"was sufficient ¢ at the time it was ‘made, but rather ¢ on the theory that added > 


 quaibilig accruing to the property and the greater value wr produced 


is at least an offset to the area of land given up by the owner. ‘ 


i However, : as with all principles the mere formula cannot be applied with” 

o equal justice in 1 every instance as, for example, where an owner has a piece 


a. of property , 50 : ft deep on an existing street developed with a building ade 
quate for his purposes, and from it 25 pe taken to ivyty the street. Sees 


other than. to compensate him for the land taken and 

The basic principle applies to street requirements in city, where the 
_ normal use determines the width of the street and the width| of the roadway. es 


For arterial streets, ‘express highways, super- -highways, and trucking ways, 


as Mr. Herrold states, the v widened right of way must be acquired through 


‘special assessment districts. or terminals, or ‘other usual proceedings. 


ae _ Since there ¢ are - exceptions, it would seem 1 that taking into consideration — 

all the factors (and especially the basic principle that in condemnation 
“ceedings benefits and damages should be made substantially equa 


acquirements), the “most practicable plan would be to include “under one 
_ proceeding land condemnation, damages, construction cost, including side- 


* Chf. Engr., Chicage Plan Comm., Chicago, Ill. 
Received by the Secretary 11, > 
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alks and ything necessary, the 
— A benefit should be. assessed against the abutting property : in 
a sum not. less than the property damage minus reconstruction. costs, and 
damage. claim should be: allowed to the remainder, if any... All. conta, 
should _be assessed against. the municipality. or. other “public body asa public q 


benefit, to be paid from gas tax, vehicle tax, or other tax. nino ‘ om seni fovab 


_ For arterial highways, express. highways, super- -highways, truck ing ways, 
principle should be applied except that where. ‘the.1 width .of 


t is than ‘that required for. standard uses of prop- 


of thor are 18 1e _ traffic. In words, 
excess of, that which ordinarily would be assessed against ‘the abutting 


property for the standard widening, as outlined by. Mr Herrold, 


assessed against ‘the as a public. benefit t. 
4.46 dthiw bas to t comin): tub 58 
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BY ME SSRS. J. "HEBERT, ARTHUR 


iJ 


- 


“oul Io yay en) wi ‘gel ont 
Donap Hesert,” JUN. Am. Soc. C..E. (by letter) .“*—The recommenda-- 


ion i in n this. paper of a design: method for ‘securing dams from under- “seepage, 


_ based on an exhaustive ‘and systematic compilation of data in existing struc 


tures, represents a valuable contribution. With the problem in its, prese nt 
‘State, the approach | toward a solution that has been made by. the author 3 is the 3 x 


reasonable and practical one. ‘Until the theoretical aspects of the problem 


more clearly understood, an empirical solution is “necessary, and 
dvanced in ‘this paper is the ‘most satisfactory from a consideration of | 
4 “The writer performed some experiments for the _S. Bureau of Reclama- 
tion ‘which he | proposes to describe in this discussion, because they have a 


direct bearing on the subject of the paper by ‘Mr. Lane, The results, which — 


Tat 


are set forth herein , demonstrate « quite clearly the reliability of the present 
empirical and theoretical solution. © Only a part of the results” are included, — 


the remainder being ‘filed for ‘reference in Engineering ‘Societies Library 


The purpose of _the ‘study for which these ‘experiments were performed 
- was ‘to investigate the existing meth ods of estimating the ‘magnitude of uplift 


_ pressures, due toa head of water, under masonry dams on porous foundations, 
7 § comparison of the various methods i is made on the basis of a collection of 


observed pressures under a number’ of existing structures. Pressures at 


significant points under each structure were computed by each of the ie ‘Se 


: Norr:—The paper - by E. W. Lane, M. Am. Soc. Cc. E., was published in September. 
1934, Proceedings. Discussion on this paper has appeared in. Proceedings, as follows: 

: December, 1934, by Messrs. William P. Creager, and L. F. Harza; January, 1935, by 

a Messrs. Joel D. Justin, and Louis E. Ayres; and February, — by Messrs. 


“ Jun. Engt., U. 8. Bureau of Reclamation, Denver, ‘cote. 


Donald: J. Hebert, Jun. Am: Soe. 3 E., Memorandum No. 384, Bureau or Reclamation, 
S. Dept, of the Interior, 
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ON SECURITY FROM UNDER-SEEPAGE 


urves, with the actual 
3 pressures measured at the ice. The data as received consisted of readings of 


:* _ water levels in pressure pipse placed i in various 3 positions under the dams dur- 
pa é ing) construction. These se readings were expressed i in terms of head lost to the 


point under consideration. 7 ‘This loss is s represented by th the e difference in in | eleva- va- 


between the level i in the reservoir a and the water level in the ‘Piezometer 


S23 
as a percentage of the total head on ‘the dam. The pressure in this 


way was assumed to be constant at any point. Vit 


Since 


to velocity, View which, in turn, deperids on the total H, that causes 
. When H H increases, V- also increases, and there is a greater loss due to_ 


y friction. Thus, h increases as H increases, keeping the Tatio: between them 
s heoretically constant. as By e expressing’ the loss in this w way the effects of fluc- 


uations in head- water and tail- water were eliminated. 
"1. 


Creep. distance (which Mr. ‘Lane defines as the distance of travel along 
the under surface of the dam) ‘was divided into two classes for this study. ‘The > 
‘creep used in the Bligh method i is called plain creep and the > creep a as introduced | 


tun 


in the method advocated by Mr. Lane i is designated as weighted creep. . All the 
data were reduced to the same basis and expressed in the same terms. To make 


the comparison between theoretical and observed pressures a graph was plotted 


for each dam. The percentage-creep was plotted along the abscissa and the 
percentage- -head loss was plotted along the ordinate. | The v values at the ahs 


: observation pipes were connected by straight lines. In order to ‘compute the — 


percentage plain creep for the horizontal ‘control necessary to 


designate some point as the end creep. The fact tl that tail- “water potential 


must be assumed to exist at the end of creep complicated the ‘determination 
of this point. at Due to t the presence of _weep- holes, long down- -stream aprons, 


nated and ungrouted rubble ‘Masonry, plane o of the tail- “water | potential, 
eep ‘end, could not be located rigidly. - An analysis | of the conditions at 
he toe dam included herein: accompanied by a sketch of the dam 


the River: Dam, last 


m from this p pipe was no method of the p 


The of the actual -tail-water was not. given in the data. Beyond 
Point A. the water. can escape freely to ‘the ‘tail-water so that a ‘pressure cor- 


responding to the tail-water elevation w was assumed to exist down stream from 
Point A. The _weep- -hole was not taken as the end of creep because > it ° 


ee ‘gral. and ‘because ’ it was in front of a concrete wall that would tend to create 


| ru 
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Percha Dam.—Two different locations of creep- -end were used in drawing 


. In the first case the assumption . was made that the 


"rubble concrete, » even with the weep-holes through it, offered enough resistance ae 


to retain some of the press re, re, and the end point taken at B 


Well No.1 


30! 
PERCHA DAM, 
Pressure Pipes > ; 


Inverted Filter 


(Fig. 4(b)). In the second. case ‘the first weep was 5 taken as the end point 


and designated : as Point A (Fig. 4(b)). This is based « on the assumption that | 


the _weep- hole is ange enough 1 to permit the subsoil 


Kabo ‘Head-Wor 


Panjnad- Head- of the | “filter” r at Pc Point. A at 


‘the Panjnad_ ‘Head-Works Gig. 4(e)) was taken as 100% creep. residual 
head of about 9. 4%, “eccurs at this point. It decreased to TAN at the end of 


the filter, but increased again t to 8.2% at the beginning of. down- stream 


‘This of pressures: ean be attributed to. a dividing of the 
g the last. line of sheet- piling. |The» water probably e escapes 
through the rip-rap. The magnitude of the residual 


pressure can be explained is that the layer of 


al 
r- _ the curv 
r rves tor Percna tam 
is — 
— 
— 
— 
— 
— 
l-Works was taken at 
- . 4 ail-water potential. The observations of water levels in ‘Pipe d, (Fig. ac) a 
_ indicated a residual pressure, and, therefore, the end of the brick pitching was 
Deoha Barrage.—The end point in the case of Deoha Barrage is rather 
iE — 
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hee 


Weighted Creep Theory 


A 


al 


(Horizontal Weight 4) 


Theoretical ( Electric Analogy) 


BABS 


LE 


DER-SEEPAGE 


Ky 


AT BEGINNING OF 
DOWNSTREAM APRON 


- TAKEN AT END. OF -~ 
DOWNSTREAM APRON 


of Total: 


Percentage 


is 


5 


= 


‘extends into the section containing the pressure of clay 


pong which i is shown on a of other the subsoi 


_Narora Weir. —In analysis which accompanied the data for this 
the assumption was made that the creep at Narora Weir ‘ended at | Point 
(Fig. ‘A(f)). This seems to conflict | with the sketches that indicate grouted © 2. 


pitching beyond this point. The. condition of this pitching might explain this 


contradiction, but no description of it was included. ~The question was decided 
: by using two different points for the end of creep: First, Point A w: was used; o 
‘ chen the set-up was changed, using Point B (Fig. 4(f)) for the end. The 


‘results are included for both cases to show how plots change w ith 


Pinhook Dam. Because of the inadequacy of the data Pinhook Dam 
it was ; again ‘necessary to take two end points—one at the beginning 1g and on 
(Fig. 4(9)) at the end of the down- stream apron. 5, which affords a 
of the various design ‘methods, is practically self- explanatory. It 
might be well, however, to point out a few of the features demonstrated. wines a 


s the most definite conclusion drawn from the ‘pressure curve 


“tag dam was that ‘the Bligh method for predicting pressures. fails to. give 


ne 


anything like a true picture of the pressure distribution. ~The line computed i; 


by Mr. Lane’s method follows the ‘general trend of the measurements more 
closely line. tends: to correct very definite error in 


-under- in the ‘parts “of the foundation come 


ASAGRANDE, ~ Eso. oy this study of the re 


"interested to study ‘this paper in 1 detail, including the ‘unpublished supple- 
(filed in Engineering Societies Library) containing cross-sections 


- most of the structures that were used by the author in his analysis. fi 4 
Althoug gh the writer cannot agree with the general viewpoint expressed 
by the author, he has found study of this paper very stimulating. Tt 
should certainly ‘be helpful in engineers to ay more Le to 


“kind that ever been undertaken. For this reason the writer was 


ne “weighted “creep. ‘The writer "believes. that. the 
ng not eliminated by the -introductio 
a publication” by Charles Terzaghi, M. Am. ‘Soe. which appeared 
in 1922, it was demonstrated by. theory as well as by 
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Impervious Stratum 
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that it is the ‘magnitude and near toe of 
z water- impounding structures (particularly the discharge gradient at the toe) 
vhich determines the degree of safety against piping or underground erosion. oe 


order to judge how the: use of Bligh’s coefficient of. 


ecording to the method Forchheimer developed ‘i in 1911." In'Table 7 


TABLE: —Quantitms Deriven From THE GRAPHICAL in Fic. 6 


d Cee 
4 4 
Type of 
30.63 
Best 


$8. 
Effect 
scour 
on factor 
safety 
against 
piping 
Negligible 
| Very arge 


Negligible 
Negligible 


~ 


hted 


“Piping 
22889. 


at the 
_ Factor of safety ah 


against 


percolation 
8 weig! 


Lane’ 


Discharge gradient 


of 


third of 
weir 
(8) 

None 
None | Very safe 
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Homogeneous. 


Safe 
Homogeneous. 
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Homogeneous. 
Homogeneous. 
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iat 


a ow 


E | Sli hty strati- 
0.45 


Negligible 


46 
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er 
degree of 
 pgafety 
recom- 

mended 


are assembled quanti derived ‘the graphical solutions : in 


hi 
“Fig 6 and which are helpful for comparative: study of the ‘effects 


: seepage on the ‘stability, of the structure for the various designs | shown. 


The seepage loss" per unit of length of the dam’ is found (all 


measured 3 in a consistent system of units) by multiplying the coefficient — 


with the difference between head and tail-water level and with 


of squares between. any 


contained in Column (2) of Table 

relative 1 measure for. the ‘seepage losses of the various cases shown in ‘Fig. 6 

= Column (3), Table 4, contains the hydraulic gradient along the flow Tine 


x at ‘the point of discharge at the toe of the structure, for which the writer is 


may therefore, as a 


using. the term, According to Professor ‘Terzaghi’ 

and experimental al investigations,” the ‘soil at ; the ‘toe. of. ‘the 
- structure will blow up as soon as the e discharge gradient reaches a critical value 


Column (4), Table 7, ‘eontains: factor of safety against piping based 


on critical hydraulic gradient of 1. In Column (5) stated the extent 


t which the ‘discharge gradient is affected by ‘scouring at. the toe of 


“Hydraulik”, by Phillip» Forchheimer, Berlin, 1930 Pp. 


360-377, von Charles Terzaghi, M. Am. Sipe. Cc. E., “Vienna, 1925, pp 


i= 
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CASAGRANDE ON SECURITY FROM -SEEPAGE Disoubstons 


the structure, a factor whieh should always b onsidered in the design of such 


ontains Bligh’s -cocfiicient percolation, and 
‘Mr. Lane’s weighted- creep ratio. average hydrostatic 


‘escemblod- in Column Columns ‘and a0), contain 


A. comparison of the five cases in. Table indicates clearly. that neither 


Bligh’s nor Lane’s: coefficients reflect the degree of safety against piping. Fo For 


disappear entirely if scouring took place | at the toe. this 
must be considered. unsafe. “On the other hand, Case C has a factor 


safety of 9 and “scouring: has little effect. on the dagie of safety. However, 
aceording to. Mr. Lane’ weighted- -creep_ ratio, B appears to be twice 


The examples ‘shown in ‘Fig. 6 and the ‘Table 1 


permit conclusion regarding the effectiveness of a properly designed filter. 
It is apparent ‘that such filters beneath the down-stream portion of the struc- 


ture e are more effective i in reducing the discharge gradient than an in increase in 
e the width of the weir or a sheet- -pile wall of average depth. 1 It was Professor 
- Terzaghi® who first pointed out the advantages ‘of such filters that are loaded 


by the weight of the ‘structure itself and are properly from seour- 


the foregoing, it will be understood the writer cannot agree with 
Me. Lane that a a Teverse filter is good only for a 10% 3 increase in “security. 
_ Under the heading, “Reverse Filters, Weep- Holes, and Drains,” the author — 


makes a ‘number, of important remarks, conceding that designs of such stri 
a 


tures have been used with very short percolation distances. The example of Coo 


Rapids Dam, in Minnesota, ‘where the coefficient. ‘of percolation was reduced 


accidentally to 0.6 without effects, shows strikingly, the effectiveness of 
: oar reverse filters. as a method for preventing piping as well as ‘unfavor- 


able ‘uplift pressures. ~The writer wishes to emphasize that there is no other 


ay ‘of knowing whether or not a filter and drains will be effective than by 
Professor Terzaghi’s ‘theoretical and experimental approach to these problems. 


_ During the ten years, 1925-35, Professor Terzaghi.. and others have shown s 


t average permeability. of a “natural deposit of ‘soil. i in a ‘horizontal 


direction is always larger than that in a vertical ‘direction (emis) 


nd that — in which n varies between 2 and 10. For distinctly 


‘stratified soils the value of | n may become much larger than 10. J Such ‘soil » 


conditions reduce the safety of a structure die compered with the safety ‘of a 


similar ‘structure _on homogeneous soil with an, permeability, 

Kemax, X Kminy which will yield the amount of. seepage. As an 
example, ‘ ‘consider Case A in Fig. 6, and assume that the | average “coefficient 

of permeability of ‘the. soil in ‘a ‘horizontal ‘direction, is ‘nine’ times 

greater: than for the» vertical direction.: “As. ‘a result of anisotropic 


character of the soil the flow net will be distorted as shown i in Case E , Fi 
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low lines and of head intersect at right angles, except for 


"Stockholm ‘Sweden, in 1980. According ‘to this. “method, one can n find ‘che 
ow net ordinary 


actual: flow net for an soil 


ina 


_ dimensions: are reduced by the factor, 
pdt co vign oval Ming os 903 da 
factor is ‘The transformed section and flow” net are shown in Case 
6. After -Teversing the transformation, the actual shape of the flow 
as ‘shown i in Case E, “True Section.” 


4 A comparison of the structure on homogeneous soil (Fig. 6, A) with 


same on stratified soil (Case £), is. afforded by 


about 30% and factor. of safety. by 


amount. or distinctly stratified soils, the discharge gradient may. easily 


the critical value, example demonstrates the tremendous importance 


3954 


Mr. Lane’s statistics. reflect of stratification and a certain 
xtent he succeeds in refining Bligh’s method in the right direction. _ _ For (ex- 


ample, in Case A (Fig. 6), if one wished. to increase the ‘safety by riselge 


Zz ing the horizontal path or the vertical path of percolation, Bligh’s coefficient 

would indicate no preference, while Mr. Lane’ 8 method gives preference to the 
7 vertical faces of a sheet- -pile » wall. However, the ratio for this preference. is 
fixed instead of dependent on actual soil conditions. In addition, the 


“weighted. creep”. as well as Bligh’s coefficient disregard entirely. the _funda- 


a 


Qs 


: 


= 


d : mental importance of the relative position of vertical faces to the toe. of the — “a 
f structure, for which there is no other method ot analysis available than that — 

mechanics piping is not: properly and as. as no 
of scientific methods available | to analyze seepage pressures : and particularly their 
effect or on on the stability of | the soil near ar the t toe such structures. 


& 


hined with ‘an erdss- -section, 


68'A general derivation for this transformation formula is contained in a paper: by | 
Professor Schaffernak, entitled ‘Erforschung der physikalischen Gesetze, welchen 
die Durchsickerung des Wassers durch Talsperre oder durch den -Untergrund 
stattfindet,” Die Wasserwirtschaft,'1933, No. 30... OF 


“Effect of Minor Geologie Details on the Safety of Dams,” by Charles  Terzaghi. 
M. Am. Soc. C. B., of and Publication 


id Itt Positions, ald tie squares are civolgated if Ie 
p- | For the construction of this flow net, the writer used ‘a method which was nm — 
re 

al 
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will invite failure. However, 
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“Profesor s analysis of the s seepage forces, if ¢ on 
ves tigations of the soil does a basis for choosing 


conditions i in each case. 


can easily be taken care of an ‘appropriate of <4 


writer believes that the factor of safety against a blow-up at the toe should x 


x be at least 3 for “homogeneous soil strata with | a coefficient of permeability, — 


2 of not more tl than two or three times and with a ‘sufficiently high 
> Waetion| face at the toe | 80 that scouring will have only a small effect on the ‘ 


magnitude of the discharge gradient. However, if the ‘soil conditions are not 


sufficiently explored to permit ‘reliable. conclusions regarding their uniformity, 
or if exploration and soil tests indicate the of stratified or 
irregular deposits (particularly if consisting of uniform fine- -grained sands) 


safety should be at least 10, and still larger for very uncertain 


foundation It was on such a basis that the writer arrived at the 


concluding remarks contained in Columns. (9) and (10) in Table 


In n conclusion, the writer wishes to state that the study of Mr. Tai 


‘paper has fortified his t belief that Professor Terzaghi’ s theory | on piping and 


underground erosion and his ‘methods for analyzing the ‘stability of weirs 


: ee and dams a are in excellent agreement with practical experience and that they also 
ee represent the only existing approach | to these problems which is satisfactory 


from a scientific standpoint. Their application is strongly recommended 


‘8 
¥ § the design of new structures, ‘as well as in the analysis of the stability of many 


exhaustive 


masonry dams on soft or porous foundation, forms the basis of this valuable a 


and timely paper. The ‘conclusions, therefore, have been erystallized from 
: the practical « experiences of the ve very limited group of engineers” who have 
se labored in this highly ‘special field. As experience is by far the most im- he 
portant factor in the design of such structures, these conclusions are entitled 
to both 1 respect and thoughtful | consideration. No better method can be 


found as a starting ‘point for the creation of a new method of analysis. of 3 
ereep- -flow Tatios than a thorough | examination of the record of as many 


existing dams reasonable height as may be available and the 
me ments of design that were followed. ta ry isknd 
‘The results of the author’s comprehensive survey have been expressed: 


_ terms of a modified form of Bligh’s ratio in which | the vertical surfaces of rs 

cut-off walls are . assumed to have three times the resistance to water travel _ as 
peter eet the under sides of horizontal floors and hearths. © Although — 

Mr. Lane’s’ research confirms the : fact that the resistance of vertical surfaces 
mm) flow is greater than that of many forms of horizontal ‘surfaces, the ‘Te eults 


are riot Conblusive | enough to 1 give each ‘a definite ‘weight. . Actually, the 
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n ance to water travel of -creep and vertical- 


-% creep surfaces will vary with both the’ foundation material and the type "ae 


is certain that under the resistance of 


foundation slab might be considerably less than one- third 
of the vertical surfaces of a good cut-off wall. If, however, a foundation 
were serrated as shown by ‘Fig. 7 the under side the floor should have 
a water-travel resistance equal to that of a vertical cut-off surface. The floor mae 
of the dam shown by Fig. 7 would | be tightly pressed against 1 the foundation ag 


material by the inclined components of buttress stress, which are considerably 
in “magnitude than the vertical components acting on a horizontal 


floor. Sliding is also partly resisted by compressive and shearing forces rather. 
than by friction, and this also would have a tendency to tighten | the founda- a 


tion material against the floor. i It would | not be necessary for the —_* 
surfaces of this floor to be as steep as 45°" 


| Effective Size, 0.35 
> Porosity 40% 


7 


» 200 300 


_ The writer has prepared various designs for this type of construction for 


a specific projects, » varying ; from 25 ft to. 210 ft i n height, and for different 


kinds of earth foundations. Although as yet none has reached the construc- 
a tion stage, a careful analysis of the designs indicated that this type possesses 


considerable merit, particularly for high d dams in which . the introduction of — 
contraction joint along ‘the trajectory first principal stress” may 


indicated. Its resistance | to creep is “obvious. 


_ ‘The uncertainties connected with the theoretical basis of the investiga- 


tion as developed by the author from Darcy’s law do - not allow fixed weighted- 


F creep ratios to be established with consistency. | Tn applying Darcy’ 8 law as” 


by the author (1), (2), and (3), the required length 


“method ‘of! applying coefficients 
A 


tion betwee 
4 & j 
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PROM UNDER- Discuss ion 


TEMS 


which. experience. has proved to be amply assuming a of 
flow. through the foundation material. that would appear to. give 
margin of safety against piping failure—and then determining. the depth. of a vd 


os cut-off required to hold to this velocity. . The latter method is commonly based _ 


on the formula derived by ‘Professor S.. Slichter which was also referred 
th 
sere 
ob 

the cut-off depth by ‘the second law is r 
modified to include Slichter’s formula. . The resulting formula for the. depth 
in which, d= of cut-off; K = a transmission constant; 
head, in feet; P = the / porosity the material | expressed “as” a decimal; 
a 


= permissible velocity, in feet per and, b= the effective base 


ee velocity through. the foundation material is ‘to be. used as 


examination of Slichter’ tables, however, shows that hee 

| fied ‘definition for a ‘medium sand; called medium sand has ar range 

effective sizes varying from 0. 25 mm to 0.45 mm. The properties of sands 4 
having this variation in size 1 are by no means the same, ‘and yet by arbitrarily = 
using the fixed-creep ratio of 6 recommended by Mr. Lane the same treat- ¢: es 
ment w would 1 be given to materials coming within ‘this 
illustrate, Fig. 8 shows the relation. (based on Equation between 


‘depth | ‘of cut- off, velocity, and weighted- -ereep ratio for the dam in the fore- 


going ‘problem. if two san ads ¢ each having a porosity of 40% and effective sizes 


tis 


of 0.38 mm and 0.45. mm, respectively, are assumed. It will be observed from 


Fig 8 that the weighted-er -creep ratio ‘for the finer material need only be about 
62% of ‘that required for the coarser material in order to give the same 


velocity. ‘through | the foundation materials or equal ‘theoretical factors of 


ii 


of 0.2 ft per min ‘is considered by. Joel D. ustin,” M. Am. 
er to | ultra. safe for ‘a medium, ‘sand. 
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© doetphtadi -creep ‘ratio of 6 gives a depth of cut-off 2.7 times that required to yes: 
give the v velocity through the coarser material and 65. .0 times required 
ns to give it ‘through the finer material. 
a _» The depth as determined from Slichter’ s forrfula, however, is basied on the 
: short- -path flow. The results obtained in the foregoing computations i : in one 
respect Mr. Lane’s conclusion to ‘the weakness of the short- 
path theory. Actually, a much greater length of creep is necessary 


required to give ‘merely a a ‘safe velocity through the underlying founda- 

tion material. | ‘Both ex] experience and theory in this case also indicate that Bice 
_ there is a greater probability of seepage following the plane of contact of the 4 


dam with the foundation material. im yur bite 
‘The’ writer: has found, however, that the length of water trav travel need not 
as great as required by the weighted- creep ratios recommended by the 
author if proper construction methods are followed. His experience with | 
tk the design of permeable foundation | dams has been that lower ratios may be 
ou used with safety if the foundation structures consist of continuous, heavily © 


may contain -off walls and should be in intimate 


conthet with the foundation material, 3 


4 


a very great length of travel is it would. probably 
broken into at least two vertical cut-off walls, and additional horizontal travel 
might be installed up ‘stream of the dam in the form of an impervious ‘fill or 


a concrete mat to reduce the depths of the cut-off wall. ud There is no question but 
that the use of an area of clay blanket or other i impervious fill above the dam, es 


connected to ‘the up- -stream deck, is in cases. the cheapest way to 


times used a concrete slab for this purpose, he that where ‘the 


Bel. toe 


‘is available a well-placed clay” blanket, because of its plastic nature, is 


form of construction. The ideal’ up-stream mat is a layer of clay, 


carrying ‘upon it an 1 articulated concrete slab, with a further | clay fill upon 


Be 


tence 


their part in n dam design, but leak of care or actual construction 
be. more dangerous to the stability of a dam errors in designing 
#, assumptions. . The writer fully agrees with the soundness of ‘Mr. Lane’ s judg- 


; _ ment in preferring a concrete cut-off properly built in contact with the sides ae 


the trench to a ‘steel or timber sheet-piling. The writer the 


‘latter in any case, except where ‘the depth to ‘atid’ it t is to be driven is 

relatively sma mé all and the “material susceptible of easy 


easy” penetration. 
3 - Wandering, brooming, : an nd splitting i is the rule’ rather than the exception for 


Wakefield, splined, or tongue- -and-groove sheeting. 


In the case_ of steel sheet-piling, its. -advantages fully realized, but 
its uncertainties in hard driving are also recognized as well. Furthermore, 
writer has never been satisfied that the use of such ‘piling in certain 
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3 . ing difficult ¢ cut-off piling m may well impair its creep- resisting value in man 
materials through displacement of well- bedded d particles and the disturbance 


all the immediately adjacent material. wi 
the case of ‘the: cut- off wall, when construct 


and bracing is necessary, the withdrawal of the sheeting invites displacement of 
foundation material and between the concrete and the sides 
the trench. writer recalls a recent of the human 


©, 
"another and older case, a cut- of wall was in gravel, boulders, and 
the up- oft the trench back- sited ‘construc 


puddle fil substituted ; ‘a month or two, later. while the city 


fe writer that improvement in the value « of horizontal creep cannot be assured 


by this. method, as suggested by the. author. Operative difficulties: limit the 
of, grouting beneath a poorly constructed | foundation slab. iP erhaps 


yet be "developed ‘to the point where ‘suspected areas “be closed 


against percolating water, but the “conventional cement grout has been tried 

oe many. times and although found to be helpful in some cases, limited reliance — 

» on its, efficacy i is advised, d, te’ of od 

For horizontal. ‘creep, the writer has advised against placing too 


“articulated, but the latter. These offer little, if: any, 


to ‘the; underflow of water and are entitled ‘to slight ‘consideration i in were | 


the. proper ‘depth ‘the vertical cut- off ‘should be carried. 


xperimental research is urgently needed to 


— ..... ing pipes alg — 
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— + faulty co 1 defects 
1 than ‘not subject to. These field 
clay, it is more often than od horizontal creep re working at a dis 
clay, it less than good horizont men are 
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‘Harry H. Hatow,” M. Am. Soo. C C. E. (by, letter)™, —Undoubtedly there 


is still considerable to be done in laboratory and field - research, especially in us 
obtaining dependable data from actual structures, ‘The author should be'com 


_mended for calling attention to a new field of investigation for the safety of 


Ls One more factor may be added to those cited by the author effecting the 
vi value of the coefficient of permeability, K, in Equation (1), namely, the shape. 


or the slope of the curve below the effective s size limit. It i is known 


curves below the. size, showed a in the of K of a 


Confining his" study to sand, Mr. Harza narrows the field of 


this investigation. What is: his definition of sand? other 

Bt words, what is the lower limit of the particle sizes of ‘sand considered by the 


author? Why not extend the analysis | so that the stu idy may embody soils - in : 


Soil is studied interest from almost every angle; 
appreciable progress has been made and considerable informatio: 


on the subject. Had the author proposed his study for soils in 1 general, ‘it is 


believed that the principles’ advocated would have had a 1 broader field of appli- 
cation, and that t the new wealth of knowledge pertaining to the science of soils ca 


could be used to. advantage. | The ‘principle introduced in ‘the paper has 
broader application and usefulnéss than if it were confined to sand alone. 


— 


Nore.—The paper by L. F. Harza, M. Am. Soc. C. E., was published in September 
1934, Proceedings. Discussion on this aper has appeared in Proceedings, as follows 
ise December, 1934, by Messrs. Edward Godfrey, and. Hibbert M. Hill; and January, 1935 


by Messrs. Joel D. Justin, and ‘Charles Terzaghi. neg VID to baa 
© Engr. in Chg., Cobble Mountain Reservoir, Springfield Water- ‘Westfield, 


by the Secretary Janu 


ny — 
its — 
ts — 
als | 
als — 
ch — 
off 4 
yas 
— 
the 
In’ 
— 
ure | 
— 
sity 
Xf _ will be the value of K. Sample materials of the same physical characteristics  — = 
alld 2 with the same effective size and with almost identical particle sizes and grada- ae. 
— 
1aps 
tion é 
— 
— 
ance — 
— 
ance 4 
An 
ich 
iia 
it 


bY 
Donanp J. Heperr,” J UN. AM. ‘Soc. ©. E. (by letter The theory upon 


which the electric - analogy” method i8 based, has been adequately discussed in 4 
this paper. Before any attempt is 1 made adopt i it as a basis for design, as 
Mr ‘Harza has attempted to do, , an ‘examination of the many curves should — 
be made. The writer has found®* that the 1 line” representing the pressures as 
predicted by an electric analogy analysis is for the most part no closer to the — 48 
observed values than the line obtained by weighted creep computations. The 
¥ _ diserepancy between actual and predicted pressures in the case of the analogy 3 
is particularly evident in “the down- ‘stream part: of the under profile. | Some 
of this discrepancy | may be due to the uncertainty v with which the end of cre creep . 3 
located. In this region the use of the Bligh method is questionable" be- 
other hand, might lead to an m unnecessarily heavy and ‘uneconomical design. ci 


Before the electric analogy method can be used as. a | basis for rational 


cause it under- estimated the actual Pressures, The electric. analogy, on the 


design, it needs to be ‘considerably. ‘The ‘of the method 
must permit at least : an approxi s geological features 
f any particular subsoil. As a ‘such extension of. the analogy 


technique, there is need for considerable progress in the ‘methods for explor- 


ing the subsoil and for locating the various features. which affect the flow of ie 


water ‘through: it. Charles’ Terzaghi, M. Am. E., emphasized” 
this need by pointing out the possibility that certain geological features, — 
= known as “minor details,” are often factors which determine that stability — 


of a structure e when built on a ‘porous foundation. 


Am. Soo. C. E. (by letter) **_Since his paper appeared the writers have been 
interested in the ‘verification of the formula (Equation (6)) given by Mr. 
for ‘the “flotation gradient. keeping with the suggestion offered 


that “these ‘theoretical are to, be used as scientific 


| 


been aking tome experiments at the Oregon State. with wate 


n general, have in 1 finding this formula 5 valid. 


Mr. Harza cites Professor Terzaghi’s experiments in which the measured 


ratios varying. 1. to. 24, This, the writers: have been unable 
verify, except as will be shown ‘subsequently . in the case where the areolar Fi 


Jun, Engr., U. S. Bureau of Reclamation, Denver, Colo. 
Received by the Secretary January 22, 1935. 
Proceedings, Am. Soc. C. E., March, 1985, Fig. 5, p. 364. 
_ Technical Publication No. 215, Am. Inst. of Min. and Metallurgical Engrs. 
Head of Civ. Eng. Dept., Oregon State Coll., Corvallis, Ore. 
® Bonneville Dam Section, U. S. Engr. Office, Portland, Ore. 
oft} t 


Car 


— 


Me 
— 
— 
mit 
— 
— 
— 
— 
— 
— 
Teachead av Which Iv is PUssivie LO 
m 
of 
ler 
; 
— 
Sa 
of 
TODS 
th 
= 
— 
Me 
— 
— 
— 
—— 


condition described in ‘Mr. s Fig. 3 (d) is Presented in 


me apparatus is shown i in operation in Fi 


containing t the sand were ‘made of glass 
movement. 


of pipes, These were formed in a series” of TOWS across the 


length of ‘the ta tank and were perforated with small holes to permit even dis 


tribution of the water over the bottom of. the tank in the space under the 


sand . The water could then flow vertically upward through the bed of sand 

and proceed to the drains, ec and D. The overflow, C, , had a weir crest length 

of approximately 4 ft, and was arranged s so that the water could be discharged oe 

through a vertical Pipe | which led to a weighing scales. Drain D was merely mt 

overflow p pipe to care for: excess flow the capacity of ‘Drain 


A 

Average specific 


50. 


of the sand _ 
d 
4 
ic 
— 
ter | River | River’ lead” Sample| Sample 
iver | sh ‘Defini No. 1, | N ple Sampl — 


1K MORE PLIFT AND SEEPAGE UNDER DAM! : 
or in turn | on a 4- mesh This -mesh_ screen rested upon heavy tin 


strips, in. high” and extending across the box. The piezometers shown 
in Fig. accorded an easy means of measuring ‘the loss of head in flow 
through the sand. ‘This s set-up differed from Mr. Harza’s Fig. in that 


his piezometer connection, was not above the upper surface of the sand bed. 


the sample i in place the water was Teleased slowly into the box, 


Ib 
water to flow through ‘the m “was recorded. quantity of 


flowing was increased after each of. weight and time, until the 
sand expanded ‘and “oiling” or “piping” ‘occurred. ~The lost head at this” 


instant was difficult to measure because of its | tendency t to lower just as piping 


OF Heap IN or V Water 
4 


water,in water, in water, in 

cubic feet inches cubic feet in inches | Cubic feet 
per second _ per per second 


a) Sampe No. 1 (Con- 


0. 0195_ 

0. 0216 
0. 0258 

No.2 


mil 


S$s 


0. 


2 | 0.0653 


Qo 


0.0470 
0695 


eats 


Baling began. Dropped to 5.2 with continued boiling. t Dropped to 6.85 7.2. 
to 6.85 froin 7.4. ||Small movement of G od separation completed. = 


baie mentions the possibility. ob. conclusions, ‘reached by testing 


homogeneous materials, which do not apply. to >the conditions i in practice where 


“the conditions are none too good even when the sand “sample fairly 
graded, and has had ¢ a chance. to be separated by the flowing water. “oldn 


The writers thought it best to make sieve analyses. of the several 
3 after they had been tested in the apparatus. This would ou 


he dust and fine. that might be there, but it would ‘also tend ‘to cause 


separation of the fines from the ser materials make sampling 


sieve e analysis m more difficult. However, with as much caution as possible witer 
-. each test for loss of head, a 2- kg or 3- ke sample of | 
and dried. This: dried material was used in the n Society for "Testing 
“Materials standard tests for the determination of the apparent specific gravity 
and the approximate percentage of voids in inundated fine aggregate. x The 
samé tests were used in the case of. the lead ‘shot, although » the 


etually standard such a a heavy | 
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shown in Table of .a white 


sand commonly used in sand beds for water filters. Sample No. 2 con- 


: — of a fairly uniform Co lumbia River sand which was furnished by ‘the 


8. Engineer Office, at Portland; ‘Ore. ‘Sample No, | 3 consisted of “river 


“ad run” ’ Willamette River ‘sand from which nearly all material except the sizes 
between. the 6 and 28-mesh sieves was eliminated. Sample No. 4 was 
ae nominal “BB” lead shot having an average diameter of 0 0.1738 in. ee a = 
The views in Fig. were t taken when ‘the test box was. with 
ey wage No. 1. _ After the ‘ “piping” o1 or the “boiling” appeared, it ‘would move 


‘Place to place in a most fortuitous manner. At one instant it 


BP ae 4 be in the center er of the box, a as at Point re in Fig. 26; in another : instant, i £ a 
would migrate to some ‘such place as Point B, or Point When Fig. 26(c) 
was taken, the boil was moving toward the right. The operator s hand could 

penetrate the sand easily, as if it were ein while the boiling would 


Point is made of in with | Mr. state- 
hl ment that “the conclusion i is justified that u under | all conditions” the increment 


force exerted by seeping water against a granular material acts on a 


Bats solid piston, although the ‘pressure is actually applied through ‘the material 
ae instead of against ; an impervious face.” This is evidently true as long as the 


of flow is not high enough to induce piping. _After “piping” 


the lost head, h, decreases. This indicates that the ‘ “piston” effect is limited 


b>, ‘to the area of the sand bed which is not yet piping or 26). 


The ‘points which boiling began in cach case, is 

cay f The apparatus for testing the lead shot differed from that shown i in n Fig. 26, 

6- -in, transparent ‘pyralin pipe was used instead of 

OX. made the cross- sect n of the bed of ‘shot ‘smaller 

Mr. Harza cites Professor Terzaghi’s experiments on varied materials 
which the measured. internal pressure | to cause flotation ‘ ‘always equalled or 


exceeded the ‘theoretical, ratios varying from 1. 0 to 1. 24.” >The writers 


have not been able to secure values | as high” as 1. 0, except in the “case of the 
le sad shot. the actual as h, and the ‘theoretical 


Some- 


TABLE 6.- Ramios OF Pressure TO. 


HEORETICAL PRESSURE 


0.97 
1. 05 


Willamette River sand.. 
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to determine. If the lost head were actually 20.5 “<a instead of aes 


Tatio, would become 5. 80, ks 
4 The data given in Table 5 ‘may be shown graphically, if ratios of the 


actual to the theoretical flotation gradients are used as ordinates, and the rate 
of flow per square foot of sand bed i is used as abscissas. - When this was done : 
(curves not published) the point at. which “ftotation’ changed ‘to “piping” 
was found to be rather indefinite. — For Sample | No. 2 the head, h, rose to 
4 2 in. before ‘ “piping” began, and then it dropped to 6.85 in. . This same _ a 
"phenomenon did not t appear when the lead shot was used. these experi- 
ments it appears that the ratio of the measured to the theoretical head to 
| cause flotation would be less than 1.0, rather than the higher value cited 
"While testing le No. 3, which was not a very” uniform material, 
“was noticed that at the incipient stage of flotation the finer —. of the 


would be raised the e top of the bed; then “boiling” or or “piping” would 


take place in this f fine “aggregate before it would in the coarser ‘material. 
Vigorous boiling would keep the sand bed qt quite > well mixed, but the indkaat” a) 
stage of flotation would permit the smaller grains of sand to be raised above 


4 

“the larger. if this is compared with the critical conditions that Mr. Harza 
deers js in Fig. 5 as cross-flow toward the easiest | point of escape at the toe 
of a dam, it seems reasonable to conclude that this fine material might _ eS 


| 


n, the writers have endeav- 
experimentally to verify the validity of Mr. "Harza’ s “flotation” formula, 
Equation (6). In general, it is believed that the formula is correct, but that — a 


considerable care should be exercised in applying it to practical problems. 
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DISCUSSIONS 


Seasonal Run-off in Thousands of Acre-Feet 


“BY L: HALL, Assoc. M. AM. Soc. C. E. 


4. STANDISH Assoc. Am. Soc. ©. E. (by letter). ~*_This paper 

follows a series of papers, covering the same subject, which have been presented 


to the Society from time to time. _ Considering the mathematical nature of i 

the subject- matter, the author has handled the text in a. very read abl le 

rah ‘The curves presented are of a sufficiently flexible nature to fit a given set 

of data more satisfactorily than. any other yet prepared, This is particularly f. 


true with ‘regard to maximum and ‘minimum values. However, from t the 


standpoint of logic, rather than statistics, it is evident that many short records 


of hydrological functions cannot be expanded by any formula | to give a. ‘teliable- 


indication of the probable happening i ina 100-yr or 1000-yr period. 


TTL 


| 
The author anticipates — this difficulty for he states (see ‘ “Synopsis”) that, 
unless the data are very complete, the final results will seldom have meaning — 


BAS 


# iy because of the magnitude of the probable errors of the parameters invo ved.’ a 
In discussing end points he concludes, furthermore, that it may be ‘caeeaaaey | 


to “set limits to the problem from extra- -statistical considerations.” ’ These two 
state clearly the nature of the difficulty encountered in applying” 
statistical methods t¢ to short records. s. Strictly speaking, it is the writer’ 8 opinion, 


after careful analysis of many that the distribution of data cannot 


= 


A 


record (partly estimated from 1 streams) available for 
period of 39 yr, from 1895-96 to 1933-34. duration curve drawn from these 


i data is shown i in Fig. 4(a). . This is. the curve of natural run- -off from 
1895-96 to the sea season, 1933-84, measured estimated. m mean n annual run- 


Norte. —The paper wy I. J. Slade, Esq., was published in October, 1934, Proceedings 
Discussion on this oper has ap eared in Proceedings as follows: January, 1935, b 
Messrs. Gordon P. a, illiams, and H. Alden Foster; and February, 1935, by Messrs. R. I 
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March,19385 
records, which cover about: twice the period | of time, indicates that, the mean 

. seasonal run-off of the Mokelumne River over a longer - period of time , would be ; 


800 000 acre-ft. Therefore, undoubtedly, the period of ‘reco 


lousands 


_- Seasonal Run-off in Th 


10 40 60 80 90 95 98051 2 5 10 2 


é 1G. 4.—MOKELUMNE RIVER AT ‘CLEMENTS. Cauir. : DuRATION CURVE. Ru 
THE SeasonaL Years ENpiInG SepremBer 30, 1934. 
of run~ -off below normal. From Fig. A(a), as drawn » it: 


probable that the minimum run- -off i in a 100- -yr period can be determined with 


a 
This i is perhaps more evident by. comparing the curve in Fig. 4(a) with ~ 


a similar curve prepared from the first 20 yr of record as depicted i in Fig. 4(b) 
* The | latter is the curve of natural run- -off from 1895-96 to the season, ‘1914-15, | 
measured and estimated. From Fig. 4(a) it would appear . that once in 100 yr 
seasonal run-0 -off of less than 150000 acre-ft could 000 

Rig. 4(b), the minimum in n the, same period. of time is 800 000 acre- There 


a greater degree of accuracy than the maximum run-off. _ 


four dry years in succession. will create a more draft on storage than 
a single dry year. The average probable minimum yearly flows during such 
dry periods « can be determined readily from - the duration curve. . The location 


of proper can be determined mathematically according to the 


ears. in a a 100-yr r period would bel less t than 0.01, or 0. 10; ‘that i is, two ‘years 
succession would occur in a 100-yr yr period of lesser than the run-— 
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can be assumed to be equal to the inedian’ or to the run-o which 


would occur 5% of time. ‘Similarly, the average three, four, five, and six 


2 
The periods of snnual flow o: of ‘the Mokelumne River er rang- 


in Fig. 4(a), ‘baa also o on the first 20- “yr record in Fig. 4(b), have been | listed i in 
Table 11. It is seen that the year, 1924, was. not the dryest year 


TABLE 11 or AnnuaL oF MoxELUMNE River, 


Estimated Estimated | Measured a 


; centage | seasonal | Seasonal | seasonal a Seasonal 
from fjrun-off, in) years jrun-off, in 
Fig. 4 (a) | acre-feet| acre-feet | Fig. 


Single year.....) 0.5 | | _ | 182 000; 0.5 
Two years 319 000 1912-13 
Three years....|_ 323 000 1898-1900 
‘Four years Te 400 000 1897-1900 
Five years......) 20 |: 407 000 1896-1900 
395 000 1898-1908 


« 


in 1 100 yr; neither were | the years, 1930 and 1931, the two dryest 


years in succession to be expected. ~ However, the three years, 1929-31, were 


- about equal to 1 the dryest period of this length to be expected, and the ‘years, 


a 929 to 1934, were appreciably dryer than the normal 6-yr period to be expected 


If “first 20- “yr record is considered alone, it will noted that the x 


estimated occurrences for all periods from 1 yr to 6 yr are considerable lower 
* than the actual record. > This could be accepted as an n indication that the dryest 


of years” to “be expected had not yet been experienced. ‘This diagnosis 


was amply borne out by the succeeding nineteen years of record, ascie anal 
‘In the case of the full 39-yr record, the close agreement between the 


measured and the estimated « occurrence | for ‘periods from 3 to 6 yr would | 


ce ‘indicate that, at present, the minimum year can be determined with a reason-— 


able degree of accuracy. . In fact, if a wet cycle of years should follow, the 
record for 60 y yr might a revision of the 100-yr minimum upward. 
A method of determining the ‘probable: accuracy of the maximum and 


a ‘minimum end- -points is a necessary adjunct to the use of probability. methods © 


OF 

we 


at 
— ay 
6} 
— 
= 
— 
— 
i 
— 
— ow 
= 
te 
x 
— 
: 
— 4 
— 
- 
is 


Q 


ay 


“DISCUSSIONS | 


ANALYSIS OF CONTINUOUS BY 


Discussion 
By MEssrs. AH. R. A. FLORIS , AND." 


method of stress is s introduced in paper. "The ‘illustrations used 


by the author ‘include’ portal frames the members of which at’ right 
16d 


are also available for the analysis. of such frames = The slope deflection method, — 
while in quite general use for rectangular frames, is ‘not accepted a as suitable 

:4 for the analysis of frames: having g sloping tops. The end moment distribution 

method is also particularly to rectangular frames. does not 


ermit of the derivation of a general formula in terms of symbols, | which 


frames the joints of which deflected from their original position, 

It will be interesting to know whether the traverse method is applicable 


R. B. Soc. ©. E. (by letter)" —The v: various 


of f analyzing ec continuous structures have involved the work of distortion, or the “ 


The Paper seems” to | have possibilities of ‘expansion in a wide range of 
problems and would be a a valuable. check » in graphical methods of drawing 


clastic curves and complicated loading conditions that have many 


Re NoTE. —The paper by Ralph W. Stewart, M. Am. Soc. C. E., was published in October, 
1934, Proceedings. Discussion on the paper has appeared in Proceedings, as follows: 
‘December, 1934, by Messrs. Garrett B. Drummond, Austin © H ae - Paulet 
Adolphus Mitchell, and David M. Wilson. 
Engr., P. Co., San Francisco, ‘Calif, 
on 16a ‘Received by the Secretary December 12, (1934. ant 

_ %b Correct the moments of inertia in Fig. 4, as follows : : The left column should be I; 


Special methods, such | as “slope deflection” and ‘ “end moment distribution,” 
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Discussions 

nknowns, methods are used. The writer 


“interested to know whether the ‘author has: applied this method to 
with sloping tops. 


Ese. (by letter)." The methods for the analysis of 


indeterminate structures can be grouped into two main ‘categories: Those in 
which forces are used as ‘th the redundants a and those in which moments are 


La 


: 

utilized for. the same purpose. They are termed ‘the “force” 


‘The analysis pre- -eminently a deformation ‘method with the 
r the supports as the redundants. replac- 


ing the deformed structure . the traverse (that is, by. a set of straight lines), 
its flexure can be more readily visualized, - _ The intersections of _ these lines 


determine the angles corresponding to the | bending moment areas. of simple 


oak and cantilevers divided by the stiffness factor, E I, This interpretation 


of the elastic curve has the additional advantage ‘that ‘many of ‘the afore- 
mentioned angles can be determined inspection. The e seemingly great 


‘complicated problems is rendered more simple, - 23 present 
As a further development of the traverse 


tically in interest ting and» 


practically ¥ 


is ‘oped ‘therefore, that, the ‘method will be used in 


{ 


méthod 
= 


heres. 


The first consideration a structure is ‘between the 


unknown factors and the available ‘equations, structure consists of m 


members with: a interior joints and 8 suppor rts, the total. number of unknowns 
-equations of geometry | the type, 
—m-equations of geome stry of the. type, 


19 Senior Engr. of Myte.. ‘Structure Design, State Dept. of Public Works, ‘Sacramento, 


Mare 
— 
ton 
— 
— 
— (in 
— 
— 
— 
— detorma- jay 
— 
— 
— od] 
— #8 
— 
«6. 
— me 
— 
— 
— 
— 
— 
— 
— 
| 
— 
| 
— 
— 
— 
— 


Ok 


a 


(in which, is the number of members meeting a at the joint). 


-conditions of equilibrium in the joints, of the type, 


6.—A certain umber of ‘aunilidhidias of rotation at the sete, of the type, 


I= A certain n number of conditions of deflection a at the joints, of ‘the type, 


¢ 
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of 
certain number of ‘conditions resulting from the symmetry o 


IS OF CONTINUOUS Discussions 


_ there are more conditions ordinarily than equations, the deficient it 

‘equations: should be supplied from the conditions of the equilibrium of ‘the 
external and the internal forces. sin to 9 uth 
bir _ Ase a nap dl illustration of the application of Mr. Stewart’ 8 method and of 


m= 4, = = 3, and total number of unknowns i is n n= 5 m= = 20, 

available formulas are: Two of the type of st Equation a, phan, 


=0..... 


one of the type of Equation | 


. 


‘one. of the, type of of Equation (26), 


— 
— 
af 
— an 
— 
— 
— 


— 


“One more equation avery be added to Equations (30) to (38) and this 


sults from the condition, of of ‘the ‘follows: 


sin a cosa — — = 0........... 
1ormal in Member 2 
rt, 


eliminated the tenth | equation is obtained : 


be able to. use (41), the shears, V, 


4 Reaction. shears. ‘and reaction moments are 
as positive. After substituting the V:; the of. the. neces: 
sary is obtained, as follows: 


Solving the remaining five equatioris (30) to and Equa- fia 
n (44), the followin expression is obtain d f 


) sine — 3 


IS OF CONTINUOUS STRUCTURES 
* — 
“Since X = 0: 
RATION. — 
n Equations (35 
I é left s 
orde — 
{ i ; 


NEI 
: Substituting numerical values in. Equations (45) to (49): d, = — — 954.199; 


} 


2132. 289; 6, = = — 57. 252; — 57.252; a, = 248.092; 


— — 305.343; a, = — 458.015; and, A, = — 515.267. 


2H2x1¢ 8.015) = — 061. feb = 


fon, 


advantages when the ‘supports are prevented from being displaced 
Iaterally or when these displacements are symmetrical. On the other hand, 
when these conditions are not fulfilled, the method becomes as 


the: slope- deflection method, if not more so. 
--' The writer also wishes to note the importance of revealing physical meni 


festation of any evolved theory, i in order to simplify its . The 


Evowes did this in a clear. and concise manner in another paper” when the 
_ demonstrated the similarity | between the elastic line and a railway transition — 
spiral; and also when he mentioned that the concept of the method is the 


product of a slope and a . distance, rather than’ the moment of a ‘quantity times 
lever arm. These explanations appeared the writer as being very help- 


— 


ful in his attempt to grasp the method. _ 
“Tmproved Method of Finding Beam Defiections’’, by Ralph W. M. Am. 
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¢ RATIONAL DESIGN OF STEEL COLUMNS 


ate 


BY M MEssRs. WILLIAM R. Oscoop, “ALFRED Ss. F Bak KER, 


ot 


Os2000; Assoc. M. Am. Soc. 0. E. (by letter). the 
design of compression members which would fail by buckling, if they failed, ee 


any paper ‘that again n brings to the: attention 0 engineers the ‘intrinsic dif- 


4 


‘8. 0. Manual, for. hardly a exists 


un 
us in or inary strucutres. The _very existence of such a large “factor 
un certainty” among qualified engineers calls for the a cor 


is affected 


as “has: done ‘time and again, to assume values for thes 

t quantities, which are quite unknown i in an actual structure, and then to pry 
oe the basis of maximum fiber stress. This 3 procedure, as as has also been. pointed 
before, i is merely a method of applying a variable factor of safety. It is 


ot a ‘very good method because it results in ‘excessive safety short 
- columns, as Fig. 8 indicates, and it makes the H-section appear stronger than ; 


rectangular section, as ‘Figs. 9 and 10 indicate, whereas the H-section 
ite actually the weakest of all symmetrical cross-sections. ‘The inherently safest 


-columns 80 far as the effects of accidental _ departures from ideal conditions 


are concerned are, on the one hand, very short columns in which, if fai ure 


“occurs, the material itself fails, and buckling plays: no part, and, on the other 
hand, very ‘Tong columns which, ‘if they fail, fail by pure in 


which high strength of the material i is of no consequence. 


Norg.—The paper by D. Young, Jun. Am, Soc. C. E., was published in December, 
1934, Proceedings. This discussion is printed in Proceedings in order that the ‘Views 
expressed may be brought before all members for further discussion. __ 


Materials Testing Engr., National Bureau of Standards, Washington, D. 

ate Received by the Secretary December 29,1084; 

3 “Steel Manual of the Am. Inst. of Steel Construction Biret Weition 


avoidable) ‘uncertainty. concerning the strengtl of columns 
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markedly Dy smal eccentriciuies Or iitial curvatures. Mr. Young 1s con- 
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cannot be “emphasized too strongly that the strengths of columns, 


cept very short ones, not depend on. any ‘one particular stress, such as 
‘depends x por the ¢ compressive | 


fairly determinable, the proportional limit be obtained 4 


3 ae as any stress from “almost 2 zero to nearly the ‘yield point, , depending on who 
does it and how he does it. For practical purposes in, the design of columns 


= igi highest + stress for which Euler’s formula applies may be considered as the — 


proportional limit. This stress will be well above a proportional limit 


fully determined from a difference ¢ curve but also well below the yield: point 
most structural. steels. It is entirely “unjustifiable, therefore, to, ‘assume 
the: ideal stress-strain diagram of Fig. 2 in explaining the behavior of columns, ; 


pe possibly at large values of the eccentricity ratio. whole problem 


in fact, there is little left, for it: is s precisely i in. the range of stresses 


FRED S. Assoc. M. Am. Soo. letter) f 
veloped i in Section 4 to determine ‘the maximum stress in cases ‘of eccentric 


are not as convenient for practical: use as the equivalent ones that 
—— be. derived | from the same “basic theory. Tn’ the case of a member with 


axial compression. and end moments, but no tra ransverse load, the, distance, 


from the left end of the ° span to the point of maximum moment is given by 
formula” (using: the author’s notation) : Pasi 


Equation (54) ¢ gives the location at which the ‘slope of the moment curve is 
zero. If > e, and'tan q x is negative, this point will be off the span, and 
the true maximum moment. will be that at the left ‘support. If tan q a is 


is in the span, “it is ‘easier to the secant or. cosine of 


an angle, ‘the tangent “of which is known, ‘than to compute the. “quantity, 


ta wy eee appears in n Equations (21) an d (25). Tf this line of attack is follow red, 


Received by the Secretary January 28,1935... 
Structures, by Niles and ‘Newell, Sohn ‘Sons, 1929, 
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 __Tn practice, it is quite as easy to apply. the criterion of the sign of t: s 4 
| fc 
— 


forms with the cosine are usually more convenient than those with the 


secant because tables of the | former funetion are m ‘more common. If 1 the ¢ cosine e 


as 8 the computation for 


at any point distant from 
q cos gz — sin q x | CES 088) 


cot 


= is positive, 


is off the span, and the maximum shear w ill be at the right- hand end of the See 


(1- a cos lay = ese 


Aine a is negative, the shear stress : at the point: of inflection i is given by, a 


pam 


Equations ( (60 and (61) can be proved to. be with 


in which, F is a numerical factor, as follows: Fora > Ms ft M max 
for a O and Mmax at x = 
of” pain 


| 
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t don to: be noted that Equation (63) isa special | case of Equation cry for 3 
m = 0. m4 The | criteria for absolute maximum shear represented by Equations 


tay. 


Equations (54) to (68) would be more for plotting curves: 
as those of ‘Figs. 12, 16, and 18, than the corresponding equations” in the 


: author’s paper. The first step in the analysis of an n eccentrically loaded strut 
~ would be the determination of the location of the p point of zero ‘slope of the 
moment (84)... The distance fro from this point to the point of 

i multi by b can t then seen which of the 


Say 


se 


“probably be ‘obtained | 


Similar formulas for locating» the point of maximum moment, ete., , can 
easily be derived for cases of ax cially loaded beams. Formulas for the total 7 
shear, bending moment, slope, a1 and deflection for single and continuous: 
beams of 1 
of Miller- ‘Breslau, have been published by the writer." 
the text following Equation (22), author recommends the 


of to allow for of manufacture, “When 


author ‘might have brought out 


ei the assumed value of the di distance from the left end to the point of inflee- : 


‘Although. some of the be simplified, 
and developments from them -are s sound making his a 


Ax. . Soo. C. E. let 
methods to-da 
factory that any paper advocating» a rational approach should ‘carefully, 
studied by all structural engineers. 


sound and he may be interested to that. certain of his. 
4 have already been put into practice. 


“Airplane Structures,” & by Niles and Newell, pp. 


Prof. of Civ. Eng., Univ. of Bristol; 
Research Comm., London, England. 
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BAKER ON RATIONAL ‘DESIG 


= to represent all imperfections, find load that first produces the yield 


stress, and then to divide this load by a constant factor to arrive at the work- 


‘wat 


ing load was used in deriving the strut formula contained in othe Steel 


Structures Research Committee’ Recommendations for a Code of Practice 

for the Use of Structural Steel i in ‘Buildings, published in 1981 These 
-Tecommendations we were. adopted by the London County Council and also 
the: British ‘Standards Institution, the formula being included in the London 

County Council’ 8 revised Code of Practice, for the design of erected 
in London, which ¢ came into force | on February 16, 1932, 


Standard Specification (No. (449) for Use of Structural ‘Steel in ‘Build. 


= 


_ stanchions of pes treated buildings saected i in Great Britain and many other 


the: world on this rational: basis. The 


n which (following the notation of ‘the wits, few working stress, in tons — 


“ue 
er ‘square inch factor of safety = 2. 36; = yield- 
by 


18 in. Ste = the value, 


er square inch; ‘and = = 0.03 Equation (69) is merely a conv 

of. the Perry formula” stress in an 


pin- “ended, compression member which has been derived by Mr. Young | as 
Equation (13). The measure of the initial curvature, , Was adopted as a 


ult of Professor Andrew Robertson’s tu of e number of tests 


on 1 struts, whereas t the ‘chosen from a consideration of exist- 
The for a Code of Practice were published shortly 
ter the Committees inception and “were only ‘tentative. As the work 


‘involved ‘was lengthy, i it was found impossible at the. ‘time to include 


rational rule for the design of stanchions subjected to end bending ‘moments. 


It would have been useless to ‘provide the designer of a steel framed build- 


“ing wi ith a strut formula that necessitated the accurate determination of 
the end moments ¢ sinee in in the state of knowledge then existing it 1 was ‘impos 


“sible to. estimate, with any accuracy, the moments transmitted from the beams _ 

through the steelwork connections. As Mr. Young states, the labor involved 

is considerable, pee the four years since 1931 a ‘number of “investigators” 
\ctures Research Con nittee concentrated on 


First Rept., Research Committee, Lond., H. M. Stationery Office. 


* “On Struts,” by Ayrton and Perry, The Engineer, Lond:, 


Strength of Struts by A. Robertson, Selected Paper ‘No. 
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RATIONAL DESIGN OF STEEL COLUMNS: 


the: and their work has been under consideration for some months. 
While it is not , possible to state exactly what the Committee's final findings 
will be, it is probable that design | curves will be produced having the same pT 
basis as set forth by Mr. Young and d applicable to stanchion le lengths subjected 
Ti eriowesed indication of the argument which is being followed can be obtained 


n the ‘Committee’s interim In that paper a method 


nomen whic covers same as that of Section 
paper. ~The method is interesting in that it uses a graphical con- 
‘struction due to Mr. H. B. Howard. Bilt A 


| For example, i in Fig. 19, draw Lines OA and OB through the pole, O, in BE 


manner as to make equal angles, ne 


‘ 


line, OZ. These lines are are ‘made Ma and 


= 


| (Fig. 19), is constructed Points B, O, and A 


_ moment at Point N on the beam, ‘distant x from the | center line, i is “then 


_  %“A Note on the Effective. Length of a Pillar Forming Part of Mem, ‘ 
bw in a Building Frame,” by J. F. Baker, Assoc. M. Am. Soc. C. 

he Steel Structures Research Committee, Lond., H. 


“The Graphical a and Analytical Determination ‘of Stresses in 
Continuous Beams Under End Compression and Lateral Load with Variations in 
Shear, Distributed oad, and Moment of Inertia,” by H. Reports and 
No.. 1238, Aeronautical Research Committee, Lond., H 
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ON 
ON, which is drawn so that < NOZ = 
The maximum | bending moment in the beam is given by the length of the 


practical column some method 


of allowing for the initial curvature representing the imperfections of 


Before this construction can be used for a 


must be found. ‘Tt is most usual to assume the initial shape to 


shape. 


ihe 


which i is s the initial curva assumed in the Committee’ 8 : formula (Equation 

(69)) and the shape : assumed by originally s straight b beam when subjected 


toa uniform moment, M,suchthat, 


rafts 
Bits: | which, a is the half width of the column and / is its moment of semetli 


hits 
4 


ir 


moment, Equation (71) 


4 


i 0.00825 
gat, A 
0.0000 


It is clear that no serious error will arise if this latter ‘shape is taken 5 


represent the initial curvature of the column. Therefore, a graph may be 
ing moment at any point of an 
_ curved column subjected to end moments, Mz and M»,8follows: Lines 04” and 
OB”, Fig. 20, are drawn so that they make equal angles, @{ = — 


rvature in the oc The in “30, ives 


4 — 
| 
— 
— 
| 
4 
and the stresses in the column would not be seriously affected by a slight § 7 
a change in its initial Table 1 gives a comparison between the sine iS = 
| 
i 
ae 
— 
US 
4 
a the uniform moment necessary to produce the 
— 
7 — 


+ 


‘the bending moment at any point of 


the can be read from the figure, AX B, obtained from the 


“circle, A’ x” B » by subtracting the’ moment, M, from each vector. If Line 
OX’ isa : Hameter of the circle , A’ X’ B’ O, the maximum bending moment in 


the. initially curved column will be | given by the length of, the intercept, OX. q 
sit It will be seen from. Figs. 20 ‘and 21 that whet the center, C, ‘of ys circle, a 


A’OR’, lies on Line OA”, or on Line OB”, or anywhere on the opposite sides 
lines” from the position shown Fig., 20, the maximum bending 


moment will be found at one. -end or of the column. When this 


- values of the | end moments which make C lie ie on Line OA” or on a OB” 


te 
The 1 maximum bending ‘moment in a length! will occur 


at the end where the greatest end moment is applied when such moments have — 


alues defined by Equation (72); or when the greater end ‘moment i is Ma 
and the smaller is less than 1 Mp; moment is_ 


shay 


i relation between “the 
i end moments | may be assumed. For instance, in any length | of an a ‘outside 

stanchion, except ‘the bottom and topmost, the end ‘moments due to dead 
if or to the worst combination of live loading are nearly equal i in magnitude and | 


in sign, the sign convention being that of Figs. 20, 21. 


nd it is a simple matter to calculate for any length of tie stanchion, 


ng ‘its. axis, “YY, in ‘the, plane ‘of the outside wall and subjected to any 


axial load, the minimum value of the end moment that will, ensure the maxi 
"An examination of the measured stresses in existing | steel framed build- 


ings has shown that in many ‘eases the maximum stress o occurs at an. 

_ section of the e column | and, ‘therefore, the the permissible could be taken: at 


foregoing analysis and that given by: Mr. refers: to 
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oe g ture. ~The great majority of stanchion lengths have end moments about both @ — 


f 
a nt into 
about both axes, all the information ‘required i is contained in ‘Equa- 
(75), 3 in which the yield stress of the material is taken as 18 tons 
a sq in., the factor of safety. is 2.36, and the allowance for initial curvature is a 
_ the same as in Equation (69), Sala wa 


praag d + fry 


about: the major axis, in send per square inch ; fry = end bending 


| Hil ete this case, design curves can be produced with ease, Hier procedure if 
is somew what 1 more © complicated than that usual i in n design offices to- day. Where - 


all peat: a bending stress equal to the of the bending 


resses, e+ ‘about both axes is assumed to due to be nding about 


minor axis, YY, and the curves to that case 


as. arising from ‘two ea causes: (a) The brought about. 
geared the beams; and (b), the initial curvature. . As far as the production i 


of a safe: design formula is concerned Cause (a) may be neglected i in all cases; oy ‘ts 
“Cause (b) the column is by the ‘beams 3 in 


of secondary end moments in 


L. DeBuos* -Assoo. M. AM. Soc. E. (by | letter).™*— —The subject 

a rational design for steel columns, of course, is not a a new one. JA glance 
through | engineering literature will show the attempt to derive a formula 

. which i is theoretical and at at the same me time not too 0 difficult to apply from the 
designer’s point view. Young’ derivation follows closely that o 
' the well-known secant formula except t that he assumes that the eccentricity is 
represented an equivalent” curvature, whereas ‘the secant ‘is based 


¢ on an initial end d eccentricity. tie mpizob. 


Asst. Bridge C Constr. Engr., San Day B Bridge, Oakland, 
Received by the Secretary Febru: , 1985. 
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out a serious defect in of the 
-line, parabolic, and Rankine types in general use to- “day. This 
defect is that the relation between the axial load and the maximum fiber 
stress is non- linear as shown in Fig. 6. 2 In other words, if fm is 30 000 - 


me Ib pe per sq in., sy is not 1. 5 times the value of sy when fm is 20000 Ib per 


sq in. ‘This is due to the change in eccentricity as Pv varies. . The 
formula, Equation (1 (14), with its transcendental function takes this into 


account as does ‘the author’ s Equation (12). This means that if tension 

a members of a a structure were ) designed for a certain loading and a unit 8 stress 
Re of 1 18 000 Ib per ‘sq in, they would all become stressed to 26 000 lb per sq in. ‘. 
under a 50% increase in load; whereas, in a compression member, if the 
_ were increased 50% the unit stress would be greater than 26.000 1 lb per sq in, 


This is important because ma many bridge design specifications require that a) 
truss ‘members ‘shall be uniformly stressed under a in the 


. The formula is then in its usual form, int od ft 
rs. 


the tiling 


formula’ (termed ‘the “Modified Secant Formula”) follows the secant formula : 
curve closely for values 200” ; 


in which, xX is a constant, its value depending on fi.” Tn ‘railroad Wor rk a 


ig this value of fm in the secant tion: (76), the modified 


= 


divided by 1. 3 to get the design unit. gives slightly 


See lified Column Formula of the Secant by B. Hunley, 
Bulletin, A.R.B.A Vol 29, No October, | 1927, p. 197. ‘fis 
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when the load is 1. times. Thus, Equations (17 and (78) 
need. not be solved by “trial and error” as in the case of the author’s equations. — : 
It must be understood, however, that the non-linear relation ‘between: fm and “~ aa 
is attained | by varying the value of xX in Equation (77) to: fit the besenndl sa 


formula, (Equation (76), a as different values are used for fm. For design | pur- 
‘poses where one two values are used for Equations (77) and (78), 
a direct are more desirable. However, in research and 
-e 20 80 100° 120 140 160. 180 
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is certainly | easier to solve than the ‘secant (76). 
e.. A comparison of the author’ r’s equations with the modified secant formulas 


for two different column sections, is shown in Fig. The column character- 
or Conumns Fic. 22 (Two 8-Inon 


~HANNELS @: ou as alt od if 


‘bs Axis 1-1 2-2 | Axis 1-1 Axis 2-2 


Section area, A, in square 
Moment of inertia, I, in inches ¢ 
ius of gyration, r, in inches 
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fm of 20 000 Ib p 
ns than by using fn 
_large 
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‘ON RATIONAL DESIGN oF STEEL couuuns Discussio 
ties able: 2. Let fy = 36000 lb per sq in; | let e and 


be assumed as — ; f= 29 0 000 1000; and . x in the modified 


formula = 2 500. Equation (7) becomes, 9¢ 31. 


xX — = 0.00133 | 


Sie 
x = 0.00133 = 


rT 
‘tak of the column. Since k 
—,or— x £. The importance of. this eccenti 
be. over- -emphasized. It has gen- 


radius 
of gyration, r, is the same about ‘either axis the tbe would have the same > 


meh —, is s the s same about bot 


The Fig. 99 have thé same minimum of gyration, 


but the ratio, , for the in F ig changes axis and 
is weaker than the column in F ig. ead 
“to the conclusion that the columns were equal i in strength since their minimum 2 


—_ of gyrations are e equal but the secant formula shows that this i is snot true. 


‘The limiting axis of the column i in Fig. 22(b) is 2-2 even though the —s 


3. 


yration, is greater th ‘than about Axis" 1-1. Without, Tegard to formulas 


~~” one would expect the outstanding legs of Column B to be a source of weakness. 


aie Thus, the secant type. of formulas enables the designer to take into account 
_ the column shape § as accurately. as he now computes the radius of gyration. 1. The 

ther axis. 
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nearest approach thee ideal. The - ratio has a mark ced effect on 8 


values of = from 20 to 80, a ¢ ‘common range in design. A variation in 


= from 1.5 5 to 2.5 affects the values 1 of s as much as a variation of - from 
to 60 or from 60 to 80. 


pF effect of of yx is given by the a use of . 

doing: the r real significance of ratio. is In applying the 


Us 


2. 25 this would be only 440 Ib per sq in. On Fig. 22(b) is shown the secant 
ky formula for Column A, Axis 1- 1, only. ‘The values of s are slightly less than 
- those given by the author’ s formula and : in close agreement with the Hunley 


an 

The important point is that these formulas 


those of the author i is about 1 000 Ib per sq in. With a value of n 


giving slightly dif- 

ferent results, , have the charaeteristies of ra a rational column formula, namely 
ay () when ¢ or A = 0, s =f; (2) they express ‘the non-linear relation between j 
and f; ‘and, 


69. See “Modern Framed Structures,” by Johnson, Bryan, and Turneaure, Pt. EI, 


ACL. 
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By E, AND FRANK E. BONNER 
AM. Soc. E. (by letter)."—As development 


ee 


for water supply, water power, irrigation, and navigation is 


is growing more ‘urgent, ‘the silt problem which Mr. ‘Stevens so inter- 
‘describes, is” ‘increasing in importance yearly; in the future, a 

doubt, it will be even more vital. “In order to find adequate solutions for the 

“and prospective silt problems, eomplete development. 


he governing laws is necessary. At present, this science is in an undeveloped — 


tate. Although ‘much p progress has been ‘made, the problem is very complex, 


due to the large number variables” involved, and much remains to be 
accomplished before a satisfactory science will have been developed. 
Like other phases of hydraulic engineering, present knowledge of the 


__ mechanics of the solids load of streams has been a gradual growth, with its 
beginning many years ago. “Probably the first. scientific approach was made 


governing fluvial ‘phenomena, in connection with the” ‘contro! of the 
is Po River in Italy. ‘ The problem | first assumed importance in the United 


States in connection with the controversies which arose over the control of 
th the floods of the Mississippi River and the construction of jetties for naviga- 


tion improvement its mouth. Extensive observations of suspended load 


_ Were made in the e studies of ‘Humphreys and Abbot near the middle of the 
eenth | Century, and the conclusions they reached were at variance with 


opinion. These results led toa violent controversy with the late 


. Eads, Am. Soe. C. w who about 1875 proposed to deepen the 
river mouths by jetties, and this discussion created interest in 


- solids load phenomena. ‘Upon the formation | of ‘the Mississippi River Com- 
‘mission in 1879, extensive ‘silt measurements were on the Mississippi 


Nors.—The paper by J. C. Stevens, M. Am. Soc. C. was published in October. 
1984, Proceedings. Discussion on this paper has appeared in Proceedings as follows: 
February, 1935, by Harry G. Nickle, Jun. Am. Soc. C. BE. | 
8 Research Engr., U. S. Bureau of Reclamation, Denver, Col 
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or the summiary of the studies of all the pub- 
lished by Dr. E. H. Hooker in 1896,’ little progress was made i in this country | 


on this problem | until the work of G. K. Gilbert about 1914.° recently, 
work on the 2 filling of reservoirs has been done by T. Taylor” 
MM Am. Soe. C. 0. E. A A comprehensive description of the ‘silt problem | of the i 
Lower Colorado > was published by the late Carl Ewald Grunsky, Past- President. ® 
Soe. C. E. in 1929. Another | excellent report® on the Colorado River 
is that the late Samuel Fortier, M. Am. Soe. C. E E., and by H. Blaney, 


The last few years, however, have seen an active interest in 
in this country largely to the return” of the Freeman Scholars from 


Europe, where active work has. been going on for many years, and to the 


importance which problem has assumed connection with 
of the Mississippi, Missouri, and Colorado Rivers, and in a number of beach — 


and harbor problems. — _ The subject i is now, or has recently been, under active 


study at the Waterways Experiment Station at Vicksburg, Miss., 
‘National Hydraulic Laboratory, the Bureau of Reclamation Laboratory, and 
o at the laboratories of the Universities of California, Iowa, Minnesota, and the 
Massachusetts Institute of Technology. The re result of this activity has 


increase of knowledge i in ths science of transportation and con- 


ed Because of the great “range of conditions, the solids: oad problems of the 


ex, United States have had many aspects. ‘The principal | ones were the silting of Mees 
be Monnaies | and. the control of rivers, generally in fine material, for navigation —_ 
a improvement. 4 The problems in other countries have also depended on local j 

the conditions. Formerly, the studies in Europe dealt principally with the a 
its trol of rivers for navigation, and were concerned with _bed- load movement, 
ade | generally of relatively coarse material. recently there. has been con-— 
ped siderable interest in the bed-load movement of finer material, as an outgrowth © 
the of efforts to represent the 1 relatively coarse river bed material finer 
ited material i in model tests. The control of mountain torrents has s also assumed 
| of considerable importance i in recent years, and excellent studies now 
iga- (1935) being made of the suspended | load problem. penila).awollor 
load Another: large ge field for these studies has been the irrigation systems of a 
the India. There - the investigations have been confined almost entirely to design- pe 
with ing | stable channel sections and the elimination of silt from canal intakes. a 


= 


late The first of these was the classical paper by R Kennedy," in 

“The Suspension of Solids in Flowing Water,” ‘Transactions, Am. ‘Soc. 


\om- e * “Transportation of Débris by Running Water,” U. 8. Geological Survey, Professional 


Paper No. 86; and “Hydraulic Mining Débris in Nevada,” U. 

He: t 1 “Silting of Lake Austin, Texas,’ ’ Transactions, Am. Soc. C. E., Vol. 98 (1929), | ae 
1681; and “Silting of Reservoirs,” Bulletin 3025, Univ. of Texas, 1930. 


Canal,” Transactions, Am. Soc. C. E., Vol. 94 (1930), p. 1104. rade 


“St in the Colorado River and Its Relation to Irrigation, ” Technical ‘Bulletin 67, x“ 


3 4“The Prevention of in Canals,” Minutes of Proceedings, Inst. 
14. 119, p. 281, 1895. 


— 

Ni 33 

— 
— 
— 

— 
“My 
— 
lows: 


nd Griffith and, finally, the paper by Gerald - Lacey. * The ‘latter "paper has usd 


tirred considerable interest in the subject and ‘thorough research is i 


yrogress in several of ‘the Provinces to determine the various factors con- § 


_ In recent years, the silt problem of the Nile has been thoroughly studied in 
sane its relation to the silting of the nistigation ditches leading from it, but little 
s has been } published regarding 1 the results. In the last few years considerable 


attention has been given to the ‘silt in the rivers of China. In that’ country str 

the problem is probably 1 more vital ‘than in any other. floods of the 

rivers of North China are largely due to the tremendous loads of sediment 
brought down from their loess- -covered drainage areas. The famous floods the 
and channel changes. of the Yellow River” are due to this cause. The silt 
concentrations i in these rivers sometimes attain | surprising ‘values. Ss. Eliassen, 
Assoc. M. Am. Soe. C. E.," reports that on the Ching River, “silt contents: B 
of: 48% by weight were observed, and at one time 51%. The silt content 
often went above 30% and would stay above 30% for several days.” He 
Nee also states that in the 1933 flood the Yellow River at ‘Sanchow | Honan car- Be 

ried 39% by weight. 0. ‘Todd, M. Am. Soc. C. E., has reported, 23. 09% 


Bee by weight on the Fen River, * and | a ‘meexienome of 38% by weight has been 
reported in the Yung Ting ‘River.* only records in t the United States 
Siig comparable with these, as far as the writer knows, are those « on the San Juan 
an River, a tributary of the Colorado. . A maximum of 40.8% by weight ha: ae 


It may ‘seem queer that ‘so little progress the development of a 


definite | science should made in a subject to which ‘so study has of : 
Fiche been given, but when one reflects on how many factors are re involved, it is By 
surprising. The material transported by. any section of a stream is the 


result of the interaetion of two groups of factors. In the first group are 
sis those which influence. the quantity + and quality of the load brought down to 
, that section of the stream. In the second group are factors which influence 
‘Se the capacity | of the stream to transport load. A tentative list. of these factors 
a is as follows (these are not all independent and, i in some cases, their effect is 


Group 1.—Solids Brought the ‘Stre 


4 


(a). Quality: Size; Specific gravity; shape; and dispersion. 


0) Quantity : Geology of water-shed ; magnitude and distribu- 
tion of rainfall ; vegetal cover ; cultivation 


Stable Channels in Alluvium,” Minutes of Inst. C. 229, p. 259. 
“Flood Problems in China by the late John R. _ Freeman, -Past-President ” 
ey Cae Hon. M. Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol: LXXXV (1922), p. 1436. | 

: 1? Journal, Assoc. ‘of Chinese and American’ Engrs., September, 1935, pp. 26 and 


The Abridged ‘Rept. Radical Improvement Scheme for: the yung Ting 
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(a) ‘Shape of ‘Stream : Depth; width; and align: 
hydraulic radius; velocity ; velocity distribution ;. turbu- 

le 

ry 

he in a 

stream run- -off, and, as in n the ana run- -off the 

they can be treated quantitatively is to observe them over a long period 

‘record the results. Like ‘records of stream run- -off, Solids load records 

are very, valuable. In gathering 80 large a _ number records from the 4 


a decision as to the construction of project ‘must be made before it 


possible to collect sufficient data on the load of that stream, and recourse mee 


be had to with loads observed on other streams. 

purpose, Mr. Stevens’ data will be found to be invaluable. The present situa- 
0 


tion in regard to ‘the solids load is much the same as that which existed in ‘ae 
Pa ‘the case of stream run- -off in the Nineties. In the future engineers may 
“* expect more solids load be c ollected until data will be avail- 


able on all the large streams in the United States. 


Although the prospect of a quantitative determination of the load brought 


sources, Mr. ‘Stevens has performed a valuable service. Too often 


down, derived the various factors involved, does not seem practical, 

f the study of the other phase, the ‘capacity of to transport material 

has 0 a given quality, is making considerable ‘progress, The relations betw ween ee 

number of the factors involved from the ‘science ‘of hydraulics is already 
known and the remaining ones are being subjected to close” study. It is 
are 


possible to study many of the these relations in the laboratory where’ the 


1 conditions can be controlled’ and the effect of + ‘varying only one factor ie 
_In general, the solids: is transported both ini suspension and ‘by 


telling along the bottom as bed load. ‘The intermediate stage of saltation 
is usually ‘unimportant. Apparently, the laws governing ‘these two forms of 
load movement has been the line of the relation between load 
tractive force, and a -golution of this problem seems nearer than that of the 
suspended load. Considerable study is also being ¢ given to the , determination we 
of laws of the transportation of solids in Suspension. _ For many years” this | 
has been a matter of controversy among engineers. In ‘Hooker’s’. thorough 
teview of pertinent literature first published about: 1896, he set forth 
' the two principal theories: (1) ‘That. the solid material i is held in suspension 
by the difference velocities between adjacent ‘filaments water; and 
(2) that it is held in suspension by the upward | ‘movement of currents or ee 
eddies i in the flowing water. Both these theories : are still widely held to-day oe 
aol progress will be accelerated when the false one is abandoned. » The first Sy 


. 

| — 

— 

— 

hi 
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of these theories v was developed by Dupuit® who rotated a glass of water of 
_ containing sand | grains and from the action of the sand concluded that the i is 
a particles tended to move toward the fastest moving water, and, therefore, J} or 
were lifted toward the surface in a stream. (ihe 
The never "been able to accept this for several reasons. 


a of maximum ‘velocity i in a stream, since this point the velocity. the 


gradient would usually. be downward a and, ‘therefore, there would be no force 4} per 
the particles against the force of gravity. is w ell known, how- 


ever, ‘that sediment does occur _in suspension above the point of maximum ‘Tisi 


velocity. Furthermore, if Dupuit’s theory were valid, in a dredge pipe ma 


would be great tending ton ‘move the material hawaii the of stre 
the pipe and hold it there. — This would leave the remainder of the pipe ‘mot 


filled with practically clear water. No such action has been ‘observed. ‘mo 
ag third reason is that in large, deep channels, the differences i in velocity at the gra 


two sides of a small particle of silt are so minute that it seems unreasonable all 


i to believe they could generate enough force to hold the particle up against EL con 


In order to ‘inquire more fully into the claims of the Dupuit theory, the the 


writer has recently experimented with sand in a revolving. glass vessel, as_ of ( 

Dupuit did, ms finds a as much evidence to support the turbulence : theory asthat § 


of Dupuit. sa result of these experiments and the three reasons 


tioned previously the writer is convinced < of the fallacy of the. Dupuit 


explanation of the suspension of solids: in flowing water and confirmed in 
he belief that solids are carried in flowing water by the “upward ‘currents 


“ft 
nwods 


It is not ‘difficult, however, to: account. for the persistence of the I Dupuit 


theory. through many in spite of the ‘unanswerable objections which 


have been raised against it. Although the velocity gradient does not produce 
the forces causing the solid particles i in suspension to move against the force 
of. gravity, a high velocity gradient usually indicates high turbulence, and, 


therefore, a region of high suspending ability. The velocity gradient and sus: 


TT 


pending forces, therefore, are related not, as ‘Dupuit supposed, ine 


me! 

and effect relation. anil oft. mad at “baal ‘sim 
The most recent in load problem from the theoretical no 
standpoint it in this country have been along the line of relating suspended stre 
material and turbulence. The | work of Professors O’Brien and Leighly has wh; 

tional paper by Professor Leighly,” and one by Professor von n Kérmin® of 
“purbulence and the Transportati The “Geographies stuc 


Review, Vol. 24, No. 8, July, 1984 io! 
4Some Aspects of the Turbulence Problem,” Aeronautics 
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suspe enc 
magne phenomenon _ which one often sees on ‘ais-aleibiae: of a canal 
stream of. very muddy water. ni This is a streak of practically clear water, 


surrounded by 3 henomenon ‘throws some. Tight 


very turbid water. As this 


i 


., 


= & 


the eile leaving at surface a thin 


desilted water. Throughout the stream, there are 

h of water, they encounter comparatively little stance 


o 


downward movement of an equal q quantity of water in another part of the oa 4 
‘stream. When they reach the ‘surface and attempt to. higher, their 


De ¥ ‘motion is ; not balanced | by an equivalent downward motion and their upward 

‘momentum, which is ‘relatively ‘small, is quickly | overcome by ‘the force of 
he gravity. These upward currents then spread out in an umbrella shape 
le all directions ‘near the surface of the stream. two of these upward eddies 
ist come up up on opposite ‘sides of | any area where there is a ‘slight layer of clear 

‘i water, as previously described, the eddies spreading out on the surface squeeze 
he the clear water layer between them together, until it forms a narrow streak _ 
as of clear water which has sufficient depth to be apparent to any observer. _ a 


at = In addition t to being a noticeable phenomenon, this action probably is an 


important factor in the ‘mechanics of the transportation of solids in sus 
uit pension, as it seems to explain the reason why the maximum velocity i in a 


in stream occurs below the surface, which | must be taken into account any 

nts complete and rational treatment of the suspension of silt in ‘streams. The 
sei 


Re mass | of water in ‘these eddies in passing up from the bottom moves through ap 
va the main body of the water and retards its longitudinal motion somewhat, 
: because having « originated ‘at the bottom, the longitudinal - motion of ‘the 
} eddy is slower than 1 the average of the ‘ii? The greatest | effect, ‘however, 4 
; is at the surface, where the eddies spread out and join together to form the 


nd, top layer, wi rith a lower longitudual velocity ‘than the - water immediately be- 


sus- Tow. eddies which “cause the visible clear-water streaks” “previously 
na ‘mentioned are of considerable magnitude, but smaller no 


similarly contribute to the ‘Upper, slow- ‘moving layer. There seems to | 


no “reason why the limitation to motion imposed by “the surface | of the 


nded stream should not have a similar effect on the intimate. ‘internal motion 

has which makes: up the turbulences in the flowing water. As ‘the observation: 
iddi- on th silt transported i in stream led the writer toa better understanding 
nin” of an idea of the ‘internal mechanics of the flow water an open 


channel, it seems probable that knowledge of the internal mechanics of flow- ht 

ing water and its turbulence - may perhaps” be reached more efficiently by the ee 

study of the transportation of Solids in ‘suspension than by o 0 observations on _ 
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Frank E. M. (by letter). “s__Contributions to 


literature on the important subject of silt movement and control ‘oil 
are increasing in desirable le degree. ~The comprehensive paper by Mr. Stevens q ™ 


provides notable | addition, and the author deserves ‘particular commendation ‘the 
% eg for the large amount of effort obviously expended in the correlation of the § Ra 
¥ ‘statistical data presented by Table 6. The inclusion of the large number of § silt 


= determinations made by the Corps of Engineers, U. S. Army, during the past po! 


few years throughout the Mississippi Basin bridges a gap existing in previous jf a: 
tabulations. It is evident, however, that number’ of the recorded ‘observa- | tor 


e 3 tions cover too short: a period for the determination of dependable normals, rec 
and ‘some will in the use of the data for such hav 


(gee 


ha 
 - Colo., on 160 pong of an suet period of 399 age in 1905 and 1906. The silt § °°~ 
BS By: Ne load value i is given as 0.49 part per thousand. | _ However, analysis of the same § | 
‘ data reported i in Water Supply Paper 617 gives 4.000 000 acre-ft and 1 758 700 plet 
i les (950 acre-ft at 85 lb) as the. estimated annual water discharge and silt § P™ 
load, respectively. These data give a silt load value of 0.8 323 part per thou- 


¥ 


sand which is less than the tabular value by about 34. per cent, Similar dis- | 
crepancy between different interpretations of results is illustrated Item 
No. 3, Table 6, and others. It is thus apparent that, for detailed uses, 
reference to original sources of data m: may be desirable. Tf 


as _ The paper refers to the : reservoir silting problem with considerable emphasis a 
the hazards of ultimate writer prefers to view w this problem 


of “natural resources n never seem to materialize with the serious 


results anticipated. Imminent shortages set in motion the 
ingenuity of mankind toward the provision of substitutes which ‘generally 
mple: ‘Decreasing capita consumption to rapid increase the 
of substitutes has. relieved the pressure on the timber resources of 
Be the U United States. _ Experts concede that “the threat of a timber famine which 
‘the ¢ase of the water power | resources; several decades ago. extensive public 
concern arose over their adequacy to meet future requirements.  To-da , water 

efficiency of steam- -electric generation and the widespread production of cheap 

fuels. ‘Past “bugaboos ‘relative to. impending scarcity of fuels, farm ‘lands, 

E tk 


serve better than the materials: displaced. Consider the lumber, situation for 
loomed , 80. large some 25 years ago has” ‘somewhat worn. ¢ off. v= Likewise, i in 
power development is in. ‘the discard, due to. the amazing increase in the 
and other resources: have gone through the same cycles, Present 
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The accumulation of silt, of course, is one the elements, to be con- 
ol sidered in the: case of reservoir. > depletion of capacity 
as 


the dam. ortunately, problem is not serious in many cones, 


‘Rapid depletion | of ‘capacity is rather © well restricted to the reservoirs on the 


silt-laden streams of the arid Southwest and to , those: with capacities dispro- 
portionately small i in relation to the > area of their tributary 1 water-sheds. 
Elephant Butte and Boulder are frequently cited to illustrate the transi- 


tory” character eservoirs. Silt conditions at both structures were fully 
recognized by the builders. Ati is probable that no streams in the United States — Be 


have been studied in regard to silt transportation more thoroughly than the a + 
Grande and the Colorado River. The excessive débris- producing capacity 
of these water- -sheds will be continuous. Herman Stabler, M. Am. Soe. 
de, has. showed™ the ‘impracticability of arresting erosion in these arid regions 


nomic programs of. these projects, it is reasonable to assume that the capital ae 


i outlays will b be amortized long before sedimentation of the 1 reservoirs seriously — 

impairs their usefulness, that time eventually comes, any desirable 

ae restoration of. capacity will be a problem for the engineer of that distant day. = 


af If engineers attempt to. provide a solution now, it would propably be found ae 
entirely wrong long t before the time arrived for its application. Shani of 
the basis. of present conditions, ultimate construction of new storage 
st would doubtless be considered the proper remedy ; but under the unpredict- Ss 2 
able conditions of the dim future dredging, sluicing, or some - other means may vie 


ffer- 
at be found more economic. “Moreover, considering the amazing ‘march of science 

in the recent past, it is conceivable that water storage requirements 50 yr or 
ale 100 yr: hence may be: on an entirely different basis than the present. ‘History F 
te teaches the. futility of, trying to peer very far into the future. 
the he Various estimates have been made relative to the average rate of surface ‘ 


leveling i in the United States based silt movement. Mr. Stevens cites a an 
estimate published twenty-fi -five “years. ago. by the U. "Geological Survey, 


io "giving ‘the annual total of suspended matter at approximately 500 000 000 tons. 
"ie | The accumulation of more recent data ‘supports: the writer’s estimate of about t 
933,060 000 tons.” The frequently ‘quoted figure ‘of 3000 000 000, tons, 

uted to the Federal Soil Erosion Service, is clearly excessive, 


“Rise and Fall 0 of Pubite Domain,” by Herman Sabir Cwil “Engineering, 


heap Se 
ands,  ™ Proceedings, Am. Soe. B., April; 19384, Pt. 1, 
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_ EFFECT OF SECONDARY STRESSES UPON por 


E. “Assoc. Am. Soo. E. (by letter) «The attempt of 
aaa the authors to investigate the effect. of secondary stresses upon the ultimate 
ae ie strengths of truss members deserves sincere applause. For a period of more 
= than half a century the question of the importance | of ‘secondary stresses has 
ae. been widely argued without any successful effort to reach even a compromise 
agreement. Practice 1 ranges from the entire disregard of all secondary stresses 
a to their ‘full, inclusion at standard working stresses. The designers of a few 


ee “important structures have taken the intermediate path either of attempting 
eliminate secondary stresses the intr oduction | of opposite erection | 


stresses, or of ‘taking the secondary stresses into consideration at ‘increased 


should be no disagreement with thie: authors’ premise that 


failure of the structure. However, ‘capable 
will not agree with this because it. seems in conflict | with the 


of a factor of based upon the ultimate strength been 


shown to be fallacious and has been replaced by a a factor of safety (or better, 
a factor of ignorance) based upon the elastic limit. Now, it is suggested ‘that 


Ag 


the range of plasticity that. “exists barely above the elastic limit ‘should 


4 

stresses. It been shown that ‘the maximum “secondary 


__ streses in an ordinary truss approach one-third the values of the cor rrespond- - 
ing primary stresses. Hence, a member designed at 18 000 Ib per sq in. 


oO 
© 
oH 
oO 
+ 
4, 
ao 
08 
6 
=) 


nm  Nore.—The paper by John I. Parcel, iM. Ath. Soc. C. .E., and Eldred B. Murer. 
tan Am. Soc. C. E., was published in November, 1934, Proceedings. Discussion on this 
has in as January, 1935, by Messrs. C. H. Sand-— 


2 Prof., Structural ‘Age. Coll. of Station, ‘Tex, 
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be stressed to 000 in. a. The 24.000 ob 
‘per sq in. to be the minimum | elastic limit (between 30 000 and 35 000 Ib per 


sq in.) has been considered ‘sufficient to cover fabrication stresses, erection | 


_ stresses, exceptional overload or unusual impact, and an allowance for reduc 
_ tion of area by corrosion. If the authors are prepared to o suggest the entire — ; 
stresses in design, it would seem that this would ; 
= mit an increase in the basic working stress of about 33 per | cent. Probably 


nen readers will be unwilling to agree to such an increase as being reason- 


a able although they n may feel that the authors have established their contention, 
a _ Although the authors point out that the “best standards of practice 


quire that provision for secondary stresses shall be made design 

_ &f well known that the great majority of designers have not had the nec Oe 
<4 theoretical training to compute | the values of. the secondary stresses and, 
ode therefore, have depended upon the allowance in the working stress, Only 


nat with the introduction of the Cross method™ and the writer’s , simplified method™. 


of has the ‘designer had available a simple, rapid, and understandable method 
‘secondary stress analysis. Based upon the assumption the “best 
standards of practice” will continue t to ‘Tequire the of secondary 
oe -etresses in design, there is reason to believe that ‘ “standard practice’ > will be a 
to include the introduction secondary stresses into bridge 
‘design at increased working stresses. Te the past, the question as to whether 
secondary stresses should be introduced into a design” has” been 
academic, because of the lack of convenient method of. “secondary | stress 
- ‘The entire argument of the > paper is based upon the premise that ‘secondary 
stresses increase in direct proportion to primary stresses until the yield. ‘point 
of the material i is s reached at one 1e face of the member, after which an increase “ 


in primary stress is not accompanied by an increase in secondary stress. Two 


-Teasons are offered to explain this phenomenon. The first (with which 


the writer agrees) is s that local plastic deformation will occur, , which will redis- She 
‘tribute the over the cross- section and maintain. (temporarily) the ex- 
treme fiber stress at the yield point. — ‘The: second (with which ‘the writer — 


disagrees), is made clear by ‘the following quotation in reference to Fig. 3 


ter, Be “Since the angular rotations at ‘the ends of a member can increase no se 
hat bce rapidly than the axial loads, it will be impossible even with high : 
th secondary stresses for the extreme: fiber stress to exceed the yield- point value ee ; 
ate © without the distortion increasing far beyond any value reasonably to be ex- tS 
yper ‘The title of this paper, however, indicates that the. study relates to ultimate - 
lary strength, and the deflections, the angular’ rotations, and the proportional 
secondary stresses will be several times as large a at failure those ‘pre- 
4 


supposed by the authors i in the foregoing quotation, nay 
te. Evidently, this ‘entire matter needs to be clarified by. an unqualified state- 
ment as to whether the structure is to be designed for working conditions, 


Transactions, Am. Soc. C. E., Vol. 96 (1932), pp. 1-156. 
% Loc. cit. » Vo ol. (1984), pp. 610-669. TE Fi 
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owh 
during a considerable increase of load, or for those de: 
failure. . If the authors select the intermediate condition unqualifiedly, they eat 
will approach more nearly toa justification of their hypothesis that ‘secondary ae 
stresses are of little importance in design. However, they will then face the M Pr 
criticism that their structures designed with a standard factor of safety upon E: 


the yield point have far less reserve strength above the yield point 


the direct stresses exceed elastic limit of the. > material, and sik 
“have suggested no provision | for secondary stresses in the design. ple 
rib Considerable emphasis is given the fact thay stresses above the yield | 
‘point are. not. unusual elsewhere in ‘structural design. course they 
E not, although ‘there is ‘still « a considerable group of engineers who object to 9 sec 
plasticity as_ a basis for structural design. Nevertheless, when the authors thi 
declare that stress concentrations above the elastic limit probably exist around exi 


‘rivet holes, they should not forget that their suggestion of the entire neglect ; hee 
oe secondaries assumes that this severely deformed material around the rivet is str 


developing incipient eracking. The reference to increased Se 
bearing stresses on ‘pins and rivets must be considered together with the tig 


obvious: fact that the highly stressed material is “restrained. against flow by 


by stating” ‘that a cannon ball cannot possibly fail under h 


ydraulic pressure. 


President and Hon. M. Am. Soe. C. E., 


An important factor not considered by the authors would seem to be the 
possibility of reyersal upon accumulative’ plastic deformation. If reversal: wo 
vbe sil shown to be sufficiently important -over-stress, alternately, the ha: 
opposi e sides, of ‘a member, such accumulative distortion might be serious. be 
ther obviously important consideration is the instantaneous" “stresses 
produce by live load impact and vibration. ‘Since ‘there would be no “not 
sibility , of reducing such stresses by plastic flow, they could not be placed an 
in the same category as the secondary stresses caused by dead load. _ Although | af 
it is difficult to visualize impact. as producing deflection joint Tota: 
tion, ‘there is to believe that the: shock effect. would increase _ doth pre 
“secondaries: and primaries. In fact, since the secondary stresses. do not. dei 
port the load, it is easy to visualize the possibility that they might be doubled for 
by the individual vibration of which could act as an instantaneous pu 

In “summarizing, the like ‘express. the: opinion that this ark 
paper will be of great value in opening the entire field of secondary y stresses of 
ind_proper working stresses for discussion. However, he cannot at present 
agree that the x paper justifies, entirely, its hypothesis that ‘secondary stresses eat 
should be completely neglected. probability of high secondaries near 
the ‘yltimate load, the ‘danger ‘of over- -dependence ‘upon plastic 
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other stress concentrations ‘exist , the. possibilty of cumulative plastic 

deformation, and the impossibility « of any. reduction in secondary stresses 

ea caused by rapid advance of live load, _ or by impact and vibration, point to the 

6 danger that might be involved ina complete neglect of secondary stresses. ae 


all agree, , however, , that, if. specifications are to rhe 


asti ¢ mat arr = rar d 


T. Evans,” JUN x. AM. Soc. C. E. (by letter). —While the ‘subject 
secondary ‘stresses has been popular: with many writers, all: ‘papers prior to 


«hi For » some time - the writer has felt that some relief must accrue to highly — 
‘stressed parts of structural members when a large part of that stress was 
due» to ‘secondary moments. Actual structures” substantiate: ‘this. belief. 
Several years ago ‘the writer was ‘employed on the design of a large, steel, — 
‘Tigid-frame ‘structure. The girders were trusses with web members that had 
secondary stresses as great as four times the > primary stresses. i. Since these ee 
members ‘were short and “stocky,” with an indeterminate length (due to 
large gusset-plates), it was decided to design the section for the =e 
and one-half the calculated ‘secondary, stress with the elastic 1: mit as the 
“working stress. After erection, the structure was encased in concrete and 
has been i in daily service for several years with ‘no signs of distress. 


bet ‘This paper will be appreciated by « engineers who given 


“not get the impression that stresses will 


F. E. Fany,” Assoc. M. Am. Soc. o. C. (by letter).%*- 
“presented. in this ‘paper defines clearly the effect “of the ‘relieving local 


"deformations which have at times” to account, least in part, 


for discrepancies ( n the side | of safety) between observed and com- 


Structural Hngr., Long Beach, Calif. ‘hess 


Received by the Secretary January 12, 1935. gig 


Agst. Prof., ‘Civ. , Antioch Coll., ‘Yellow Springs, Ohio. 

for “Stress Measurements on the Hell Gate Arch Bridge,”’ by 
-‘Biefaman, M. Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. LXXXII (1918), p. 1071; 
ae of Secondary Stresses in the Kenova Bridge,” by G. A. “Maney and 


Parcel, Members, Am ‘Boe. of Studies in Engineering, 
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the ‘authors suggest, many cases of theoretically high localized 


stresses. which are of little practical significance. arta 


A rather interesting analogy might drawn between the action of 
riveted truss joint at which secondary moments cause deformations beyond 
a the yield point, and that of a -pin joint. . Where a ‘multiple-p pin Joint 


mediate: support panel points of a 1 continuous or - cantilever truss, for instance) 

x ae can be used advantageously; it permits the ‘connected members to rotate 

about their respective incurring any flexural 


tially axial. After the extreme fiber stresses in n the ‘Pass 


will tend towed the Gite except, as the authors 
in the case of slender compression members" bent in ‘single curvature. The 
points” of yielding might be considered as approaching pin- -end conditions, 
_ about which the members involved ‘ “rock’ ’ to a final state of static equilibrium. — 
foregoing analogy will not | the first application of load 
aa _ because of strain hardening, but it is ‘suggested as a convenient method of of 
a visualizing the action of a truss in which flexural overstress occurs due to 
-f | ee y bending. © ~( s a matter of convenience the writer will use the term, — 
_“overstress,” to elastic range.) iss In many “cases, 


‘incidentally, it is the first loading stage that is final and “most Summation: 


tak application of full load has imparted to them a certain deformed condition, — 
i ow will hold that condition under the subsequent ‘steady loads to which they are 
ess subjected. The truss outlined in » Fig. 23 (a) can ‘assume the position . shown | 

Fig. 23° (b), in which deformations have and nd exaggerated 


the of clearness ; and, under the small deform 


occur, it can hold that. position without | harm. It ‘may ‘noted, 
the inherent instability of a mv ultiple- -pin joint: does: not appear in an | 
_ stressed rigid joint because of f the fact that the overstressed members can 


offer. flexural resistances (until, of course, failure is imminent) even 
after the extreme fiber stresses have passed the yield point. 7 


It might be suggested that in small bridges, especially railway 


ue 


which “live load fatigue _ might play. a fairly 


heavy building trusses, perhaps the worst offenders in th the matter of high | 
: secondary stresses, ¢ are essentially dead load structures, 3, and. after the first | 
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and impact stresses runs as high as the 


Current practice properly tends to neglect fatigue as a serious ‘édinstdération i 
the utilizable strength of such structures. In the first place, 


the number of full-load applications which the ordinary bridge receives 


+t during its normal life span is so small as to ‘© preclude the necessity for c 
- sidering fatigue either in design or review. Assume, for the sake of argu- “ee 
, e ‘ment, however, that this is not the case. All the evidence with which the ae a 
eo | writer is familiar at the present time seems to indicate that for most ferrous. eS oR 
metals” the endurance limit for a stress_ Tanging from zero to a maximum 
- value of one sign only is well above the static yield point, of the material. ess 
#3, The Goodman value is 1. 5 times the endurance limit for completely reversed 
it stress, which endurance limit, for the ferrous metals, seems to “approach 
roughly” a value equal ‘to one-half the ultimate : ‘strength. ” (In general, 
e types of steels ‘commonly used in bridges the endurance limits for 


pletely reversed stress appear to be somewhat less than the yield points, but 
> 
enough less than the usual § specified 1 minimum yield ‘points™ to 


in short- -span and medium- bridges the yield point is also, roughly, equal 


“bridge ‘members, | , even with low length- depth ratios, will scarcely ‘exceed the 
"yield point, which means that such stresses can never reach the e endurance _ 
Ps limit for a range ratio of zero. . Furthermore, bridge members which are 


short enough to be under high secondary moments will almost always b 


under some dead load stress, in which case the stress range decrea ases oa ; 

the endurance limit increases. An exception might be the case of compara 

tively heavy web members in the center panel or panels of a shallow deck 


. truss. if In these members, stress reversals due to ‘secondary bending are “ 


likely to occur, and _eversed primary stresses actually do occur. 

SS be a rare case indeed in which the resultant: primary and secondary 


_ stresses in such members in a well- designed structure, would approach any- 

: - thing like the yield point or the endurance limit of the material. < The writer 0 
mply introduces the subject of fatigue, and the foregoing discussion, as 
“further substantiating the authors’ conclusions that, in well- designed struc- 
tures, overstressing due to secondary bending “generally means either 


localized failure not endangering the structure as a or 


local distortion and permanent set.” 


_ Which stresses reach the yield point of the: amatedial’ isan be considered 

other than most undesirable and to be avoided if at all practicable. As far 
88 the members themselves are concerned, however, the writer concurs with ae 2 
authors in. their conclusion that the presence secondary bending 
stresses” even as high as. the yield point are no not necessarily 


omitted entirely the design 
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+ 
structure. seems especially in considering stresses due to. 


live load.. The presence of secondary moments at a truss joint means 3 that t the 


connection between member ceases to be a direct tension or 


Since the intensity ¢ of 
“this flexure varies considerably, in the average “structure, b between the dead 
and full live load. plus "impact conditions, there may. be considerable 
dan nger of loosening the rivets and | generally overstressing the entire group, 


in a riveted joint, or of causing progressive fracture < of a WR .clivelaior: 


Consider a tension member made up. of two 15-in. (55-lb- channels laced 


2 
together, each channel to the gusset: -plate: by m means 


ot sq in. ‘of. net _ Section, ; 


and that the m minimum live 
stress is zero. 


writer. has made. is as- 
i 
We 
r 8 


RE at nder most “current 


ecifications "members and 


to reversals of primary stréss are quite conservatively designed. F urther- a 
such members” are “usually relatively slender likely 


be subjected to high secondary stresses. Reversals of secondary bending ma % 


heighten the effects noted herein, but ‘the writer, has made “no attempt 
make the examples. which follow especially severe; except in so 


tar 


y bending causes -yield- point stresses.) wal 
“Basing the allowance for rivet holes on the. specifications of the 
¢ American Railway Engineering Association, this gives a total primary stress 
OL 


due to dead load, live load, and impact ‘of 431000 Ib. The total primary 


Yer rivet is 180 Ib. The gross area of the me 


er is 82. 22, ‘sq in., giving a primary stress of 13 400 lb per “sq in, 

gross section. The section modulus of the member, based on gross hr an 
s 114.4 in* Assuming a yield point of 32.000 Ib per sq in., the ‘secondary 


bending to the extreme fiber will be 
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130000 x 10. 6 _ 4439 Ib. Combining, this with the 
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ey Ps group to the extreme rivet is 10.6 in. Then the total stress in the § on 


total stiles 10 900 Ib the extreme rivet, or 18 100 Ib per sq in. ia 


shear. This is approximately the e shearing yield strength of the 
25% of the total stress is “due to dead load, ‘the stress in two of the 
extreme rivets of the | group will vary from.» 4500 Ib per sq in. to 18100 b 
le per sq in. If the rivet has" slipped at the ‘first full-load application (as it 
» probably has), it would a appear that a relatively small at live load 
7 Soe would suffice to loosen it beyond any - useful resistance, and thus ; 
d produce progressive failure of the > joint—especially when the } hi 
uniform distribution of primary stress among the rivets comprising the group 


“4 


again, however, the nature “secondary “stress action must be 3 

b remembered. tt is essentially due, as the authors state, to. angular displace 
ments of the ends of the member. These angular displacements are ee oo 

when the rivets themselves ‘slip, the joint ‘no longer rigid. “Slight 

the member is” permitted, which has the effect of reducing 

a secondary bending and the rivet stresses caused by it. The extreme rivets a 

will slip at low stresses, ‘once the effect of friction is broken down, producing 

d at once a more uniform distribution of primary | stresses throughout the group A x 

at and a reduction in secondary bending. | Tf the connected member has been 

deformed ‘to the yield point, but not through or beyond it (say, to a point 

“slightly to the right of Point B, Fig. 2(a)), the effect on ‘the rivets may not 

be damaging, although ‘the sharp rotation occurring at the overstressed sec- 

0 ah will ‘introduce some eccentricity of primary stress. if it has not been — 

‘80 stresged, ‘slip will not reduce the loosening effect of ‘rotation and counter- | 


rotation of the joint. Field and laboratory investigation of the effect a” 


¥atiable bending on groups of rivets | in shear would be of value in connection — 


Rivet : slip play an appreciable part in ‘secondary bending, 
4 which accounts to some extent for discrepancies between observed and caleu- 
ie lated stresses. _The relievin effect of rivet slip is not to be ‘found i in welded 
p 


joints, although it has a counterpart in the plastic flow which occurs: at the 
ends of such joints even under low loads. Due to the fact that welds are ks ; 


usually located along the edges of the ‘member, ‘the moment of resistance of 


ia a welded: | joint will be relatively higher than in a web- riveted joint, on the 
usual design assumption of ‘uniform: stress distribution through ‘the length 


of the joint. Even 80, however, the stresses, in a welded joint at which t the 


connected members are stressed to the ‘yield | by secondary bending, 
be The damaging e effect of high secondary stresses will likely be ‘most severe 


the joints at the war} of non- continuous members, such the v web 
bers, end Posts, 8 , and e 


if 


r members in which — 
pact 
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a primary stress of 7180 lb and neglecting the transverse shear 
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‘near the panel points. This will be especially true fe 


stress is Severe joint are not likely to occur at 
znel points at which the chord is continuous, ‘except in the web- -member 
In Fig. .25(a), for example, M, = Ms if the 


chord is continuous must be the rivets between 


rd and the gusset- » These Tivets ar are his in 


ie Another ‘point. which may be worth mentioning is the possible effect of 

high: joint moments in causing severe stresses in | gusset plates. If. the 
stresses in a gusset- -plate due to joint. moments are opposite in sign to those 


to. ‘primary stresses in the: members the net effect will. be a relief 


lowering of the gusset- -plate stresses, Such would be the case for the joint 


of F ig. —25(), under the stresses and moments there shown. If, however, | 


primary stresses act as. shown in Fig.  25(c), the secondary stresses: add 


Re directly to the primary ‘stresses in the gusset- -plate. If the result i is a tensile 
stress: at a rolled edge of the plate equal to the ield point of the material 


a no serious damage will result, either statically or opm fatigue. At a sheared 


edge there 1 may be some danger of progression of an incipient crack. if the 


_— Tesulting stress at the edge of the plate is compressive and equal to the yield i 


point o the material, buckling may occur unless the unsupported edge o 
a ome the plate i is very short or unless it is stiffened by a ngles o1 or a diaphragm con- ba 


_ necting the usual pair of plates to each other. In the case of fairly large 
plates under ‘compressive stress along a long unsupported edge, diaphragms 


stiffener angles provide an easy and effective means ‘insuring, to. a 
certain extent, against failure of the plate by buckling. In any design where i 


high secondary stresses are likely to occur gusset- plates stresses should Teceive 
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; Hunter Rouse,” Esq. (by letter). full accord with 
in the ‘science of fluid mechanics, the authors have recognized i in this familiar Hn 
hydraulic. ¢ phenomenon a a physical problem which may be fully understood 
only through physically correct methods of f approach. By 1 means of dimension- — 
ess analysis of the phenomenon according to the Froude criterion of dynamic — > 


similarity, the hydraulic has finally | been given definite form and 
: character in terms ¢ of a universal parameter, with the determination of 


general relationships involving jumps of every size and nature. 


Too much credit cannot be given for _ the devotion of many hours to 


tedious measurement, computation, and “discussion, , during the writer 
was often a privileged | witness. Only those who have experienced the high 
degree of turbulence and ‘accompanying fluctuation in the region of the 
jump can appreciate the care such measurements entail; yet far from 
expected scattering of points, the authors’ results show remarkable co- 


ordination. Aside from presenting né new data covering systematically a great 
range of conditions, and a correct physical interpretation of 1 these data, the 


authors’ paper serves the ‘excellent purpose of clarifying a number of basic 
points often confused in previous investigations. — The writer adds the follow- 
i ing discussion i in the > hope that it may throw further li ight upon so ceneatedd 


‘During the century following Bidone’s first description of the jump, 
were to conclude that ‘the popular energy principle had 


to be abandoned for the principle of momentum before the height: of the 
jump could be computed successfully. Although the e application of the momen-— 
a tum principle had been | suggested shor tly before the middle of the Nineteenth — 
Century by Bélanger, emphasized later by Bresse, and finally discussed at 


length by Unwin in ‘the Encyclopedia ‘Britannica in 1880, as late as 1916 


Nore. oat sas by Boris A. Bakhmeteff, M. Am. Soc. C. B., and Arthur B. Matzke, 
Jun. Am. Soc E., was published in February, 1935, Proceedings. This discussion is 
5 printed in Proceedings in order that the views expressed may be brought before all mem- — 

bers for further discussion. 01 0.8.07 9 piupili ou} 

Instructor in Civ. Eng., Columbia Univ., New York, N. Y. | 
Received by the Secretary February 27, 1985. 
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‘im the and abroad, still held persis- 

ently to the assumption of constant energy according to the Bernoulli theorem. 
‘Various: writers, however, developed empirical equations for the ri relation 

s, believing that energy loss must exist; typical of these is 

that of Me nee included in the early editions of his text on. hydraulics.” 
Whatever the relationship used, abundant experimental ‘results 
by the ‘different. writers, the best- known data being those of Bidone 818), — 
Darey-Bazin | (1856), Ferriday-Merriman (1894), Gibson (1918), and Riegel-_ 
Beebe, of the Miami Conservancy District (1917). the perfection “of 
the indoor hydraulic laboratory in Germany considerable study was given the: 
jump, of which the experiments carried out under Koch at Darmstadt are” 
good examples. fl Rehbock made constant use of the basic momentum principle a 
in the | design of spillway aprons,” and the much- -quoted thesis of Boss on — 
pen- -channel flow” discussed the position of the ‘regard 
channel slope and ‘It is noteworthy, however, that little. mention 


was made by a any of of the nor 


Grete ‘Kennison were to make ‘use in this 


of a term similar form to the Froude ‘ number,” but it remained. 
Safranez, in a series of experiments cted in the laboratory of the 
Technische Hochschule, at Berlin, to undertake a two- dimensional physical 


of the whic constant use was made of the 


1 gave an empirical for the length of the: jump, 
stating, in addition, that it was “approximately 4.5 times the down- -stream 
depth and that the slope of the jump was practically constant. (Refer to. 


: Figs. 8 and 9 of the authors’ “paper ; ; these tw o diagrams ore careful ‘study, as 


~ ghape' of the jump with the Froude number, and the ‘transition to the thie 


orm as this number approaches a minimum.) 


¥ Following closely upon the publication of the foregoing papers, con- 


troversy “arose” abroad over the layed: by the surface ‘roller 


in particular by Kozeny”) to be of negligible influence, and various Neri + 
mental and theoretical methods are still being used ‘and misused ‘to prove 
both sides of the case. Einwachter, whose recent paper on the length of the 4 


13“A Treatise on Hydraulics,” by Mansfield Merriman, M. Am. Soc. C. E., Fourth Bdi- - 
John Wiley & Sons, New York; 1894. LODST Bag 
ss 44 “Bewegung des Wassers,” von Koch- Carstenjen, Julius Springer, Berlin, 1926. __ 
“Die Verhiitung schidlicher Bolke bei Sturzbetten,” Th.  Rehbock, Der Ba 
“Berechnung der von P. Boss D. Verlag, Berlin, 
ite: u“The Hydraulic Jump in: Open Channel Flow at High Velocity,” by Karl R. Kenni- 
ie M. Am. Soc. C. B., Transactions Am, Soc. C. B., Vol. LXXX (1916), p. 338. ss 
Pe; 18 “Wechselsprung und die Energievernichtung des Wassers,” von K. Safranez, Der 
Bauingenieur, 1927, Heft 49; “Untersuchungen itiber den Wechselsprung,”’ Der Bauinge- 
nieur, 1929, Heft 87, 88; “and “Bnergieverzehrung der. Deckwalze,” Der’ Bauingenieur, 
Ia Note correction ‘in paper as published in February, 1985, Proceedings: In Fig. 8, 
the scale should b from 0 to 9.0 to correspond with the correct’ values 
“Wasseruprung und Bnergieumwandlung, -Kozeny, Wasserkraft 
wirtechast, ett 27, 193 3 
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4 jump” > has: been supplemented by ¢ as yet anpublishod experiments, has attempted 

: & show the importance of the roller’ by replacing | it with a fixed ‘upper boun- 
dary and noting the ‘resulting change in depth; Schoklitsch,” on the other 
hand, has. analyzed the action of the roller from the viewpoint of regions ie 
discontinuity (sources of turbulence) between the roller and the actual. flow 


a= 


Froude: nun 


x 
i 
q 
q 
is the criterion in cases of gravitational action only, and the Reynolds 
| 3 — in the case of viscous action only, and that it is practically impossible sb Za 
» 4 to obtain complete dynamic similarity if both viscous and gravitational forces 
It is ‘quite possible that, in the past, the loss ‘of ‘energy accompanying the 
jump has been the indirect cause“ of the > failure t to consider the j jump’ in terms 
the Froude number, for the _hydraulie engineer has become prone to 
- think of energy loss as synonymous with conversion into heat, the latter being 
in fluids only ‘through ‘viscous action. Thus, it would. seem at first 
thovight that v viscous forces’ are by no means negligible i in the hydraulic jump. 


= = Ie fact, discrepancies between computed . and measured values of depths are 

‘attributed to friction losses along the bottom and sides of the 

channel.. Actually, however, such losses are probably extremely. small over 

: the short length of flow rere sn discrepancy. arises rather from a failure 

to consider the defect a g bottom and sides in computing the 


Clarity: the matter of “energy loss be attained only through a 
revision of: the impressions received in elementary courses hydrat aulics. 

‘a “Logs? of hydraulic energy is seldom synonymous with immediate conversion . 

ino heat energy; in fact, it” is only in the case of pure laminar flow that He 


immediate ‘conversion takes place. In turbulent flow through smooth 
pipes, for instance, similar direct. loss in the laminar boundary film 


adjacent to the pipe walls, but within turbulent region the ‘situation is 
. In the familiar Bernoulli theorem, the specific energy of flow is expressed 


4 as the sum of velocity head, pressure head, and elevation. - What the theorem > 


“Berechnung der in der Wehrbreite gemessenen | ‘Langenausdehnung von Deckwal- 
zen,” von J. Hinwachter, Wasserkraft und Wasserwirtschaft, Heft 14, 21, 1932; Heft ad 
“Ueber die levernichtung durch Walzen,” von A. Schoklitsch, Die 
-2“Non-Uniform Flow of Water,” ’ by F. Engel, e Engineer, April 21 and 28. and 
§, 1933; and “Wassermengenmessung mit offenen seitlich eingeschniirten Kaniil 
F. EB el, Zeitschrift des Verein Deutscher Ingeni December 2, 
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| — 
of Engel” to study the jump as a three-dimensional phenomenon in the diverg- 
section of a Venturi flume. It was by Engel that the Boussinesq number 
devised, thus incorporating in a universal parameter characteristic of 
vitational action a width term having n earinge whatever the faree 
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to is a fourth term expressing the ‘energy turbulence, 


rotation, s since the head includes only the of 
ce lation. i It i is the. conversion to this turbulent head which corresponds i in lara 
measure the apparent energy “loss” ~eaused by valves, “stilling” racks, 


"abrupt changes in section, flow through rough pipes, and by the hydraulic a 
jump. In each of these cases the hydraulic “Joss” or formation of excessive 


turbulence is largely or entirely independent of vis viscous action. Although tur- 


-bulence itself may be reduced in intensity only through viscous ‘Shear 


o lence is caused by the action of the roughness projections) is ego 


=e term, independent of changes in viscosity ; for the same ‘reason the energy 
“loss” or conversion from energy of translation into energy of turbulence 
in the hydraulic jump i is practically independent of is 
not | a function of the ‘Reynolds ‘number. 


q 


equation, it would follow at once that ‘the jump could be 
correctly by means of the energy principle, since the actual energy of the 


_ individual particles i is practically unaffected by thermal loss during the short ie " 


ime of passage through the jump. It is to be remarked that the general 


problem turbulent energy of outstanding importance in modern fluid 


once this conception of turbulence is ‘roller i is as indis- 
pensable a part of the direct jump as the turbulent wake caused by : flow i Ee 
ae a valve i is an n inseparable part of the function of the valve. 0 Those who have 


the idealized, distinetly ¢ region of flow shown in illus- 
tons but an active participant in the diverging flow. 1 In other words, no oo 


4 


- Portion of fluid involved at any instant in the reverse ‘motion of the roller” 3 

ad, violently 
rotating masses s of this roller are away constantly into the live stream» 
below, this continuous process resulting in the high degree of ‘turbulence— 


hence of apparent loss—which i is characteristic of ‘the ‘phenomenon. 

It ‘should be obvious that such recent ‘expedients as” omitting the roller 

from the physical analysis of the phenomenon or replacing it by a sloping 

upper boundary held in place above the flow are quite beside the oo 


the other hand, although is with me 


‘daa 
Be visually that ‘point at which the reversal of surface movement terminates. 


Iti is to the credit of the authors that ‘their analysis i is definite 
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AMERICAN SOCIETY F ENGINEERS. 


DISCUSSIONS 


A DIRECT METHOD OF MOMENT 

DISTRIBUTION 


PoPOFF, AND LT EVANS 


L E. Grinter,’ Assoc. M. AM. Soo. ©. E. (by letter) “‘—In this paper 


a the Engineering ‘Profession: is given a cl clear and ‘concise ‘statement « of another — 


method of analyzing ‘continuous frames ‘that is based upon the Cross method 


of balancing fixed-end joint moments. ‘This ‘method has been i in use by asso- 


is made of “approximate method of balancing moments where the | 


* over moment is is determined from the ‘Testraint at the far | end of the mem- 


be 3 in his discussion of the paper’ ‘by Cross mention 


prior authorship of the method (which obviously goes back to the origina 
work of ‘Professor Cross), wat rather ‘to establish the fact that the writer ; 
: speaks from a of experience when ‘suggesting that the m m¢ 


that its usefulness i is s limited and because it ‘sina confusing to the student. as ; 


: As tudy and | comparison of Figs. 9, 10 , and 11 of the paper, reveals : 
‘rapid increase in the volume of recorded calculations on successive illustra 


a NOTE. —The paper by T. Y. Lin, Jun. Am. Soc. C. E., was published in December, 
_ 1934, Proceedings. This discussion is printed in Proceedings in order that the views “ 
expressed may be brought before all members for further discussion. = 


. * Prof., Structural Eng., Agri. and Mech. Coll. of Texas, College Station, Tex. 
5a Received by the Secretary January 10, 1935.00 
“Continuous Frames of Reinforced Concrete,” by Hardy Cross and N. D. 
Members, Am. Soc C. E., see Section Heading, Seg Distribution Using a Constant: cea 
Transactions, Am. Soc. C. Vol. 96 (1982), 13. 


The foregoing referénces are mentioned, not. with idea of establishing 
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GRINTER ON METHOD oF MOMENT DISTRIBUTION Discussions 


1% iO YT: 11302 WA Hal 
tions. There are | recorded results on Fig. 9, twenty- -two on Fig. 
and fifty on Fi ig. 11. The explanation is evidently found in the fact that the : 


number of loaded spans has been increased from ¢ one to three. There 


Bei be a far smaller rate or increase in | the number 
> most complex ease usually 
ccuracy. This 


of Fig. 11 of balancing moments “used by the 


Incidentally, the five- place results recorded. in seem to be entirely 
unjustified and, fact, their use is in with the basic idea of the | 
thethod which is as an approximate method of moment 
the of. tabulated results as discussed in the 


previous paragraph is unfair to the original Cross ‘method because the pre- z 


we liminary results recorded by Mr. Lin in Fig. 8 réquire repeated substitutions — 
into formulas, whereas each ‘result recorded by Professor Oross ‘obtained 
by a | single of a slide- rule—or by dividing a number i in half. 


“ne : Ove: 


if 


ok: 


18 
4 (10 9E 


GRU Sly: 4.—ANALYSIS OF A FRAME WITH THREE LOADED SPANS BALANCING r 


Hence, i in the majority of cases, the writer hag found t the standard method of | 


balancing moments to be the simpler procedure, and so when loads 


is. ‘running out”. “spans in manner 

E In ‘order to ma e the paper as useful as possible, Fig. 15 is presented, 


“which ‘the writer developed several ; years. ‘ago for the use of his students. 
will be clear if it, is. understood 1 that v is a factor 


the relative resistance of a ‘member to end rotation ; 
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ites, the curves are developed from. 
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at 


taking into account its: condition of ‘restraint at the fa end. Hence, 


* m as defined by Mr. Lin. ‘Obviously, the curves are intended for use in the 


_ analysis of frames with prismatic members. The necessary formulas for 


"Values of v 


Kit 


My L L_ 2 L , fror om which, 


(5) 


Moments) (b) General Case v= 


ecial Case, in which v = 1 End Fixed) McBain 


is ~ using the eu: curves of. Fig. 15 one need not a 


or the carry- ‘over factor. with great accuracy. The. primary, of an 
me ‘moment distribution is the ease ‘and ‘speed with which one can 


obtain results. to a reasonable standard of accuracy. evident, that the 


Pa 


| 
vis 
gare — 
| | | 
4 — 
et 
— 
— 
; 
“fom 
“lim 


physical characteristics of ‘make it impossible one 


mine the actual bending moment | ina a concrete frame to a greater degree of — 


than per cent. Hence, one can approximate the factor, - 


to the bias whole number in many cases and still obtain ‘thie o-value and 


the carry-over factor from the chart more accurately than one’s actual knowl- 


“edge of the physical properties of the ‘structure could possibly justify. For, 


K, +2 


rect, for a entering the chart would be Ke when far ends of . 


restraining members are not fixed. ~The criticizes analytical p 
that one can not hope Bast: translate into sizes of members | or amounts | 
is interesting to the of haunching of beams upon the 
"moments ina continuous frame. 2. It sh should be clear that the designer makes 


no effort to obtain better than | a crude approximation of the. Kv- v-value, , or of 
over | factor, for a 1 reinforced concrete as constructed 


= 


section to a T-section at the ‘point of contraflexure. It seems 


to involve one’s calculations to care for the effect of a small haunch—which — 


may change a carry- over factor from 0.5 to an equal irregularity 


~ 
writer's paper on this 


of _the distributed "moments plus carry-over 


v by a constant. 4 


Hence; the distributed joint moments 


5p 
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a h.a beam and is dependent on the a — an 
of inertia, J, varies widely for suc 
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upon the original Uross method ¢ 
be distributed according to the ma 
relative values to the relative Kv 
— 
dis 
— 
— 
— the “values, 1s a complete check U 
 balaneing procedure, but is not < 


Ne: 


ag 


satisfied. In| one case a serious error in the. 


may be found useful. individual preferences of the reader may ex- 
~ tend its application to a broader field. However, the extreme simplicity of the 
z original Cross method recommends its use by those engineers who have a 


| of indeterminate ‘stractures. The 


Hvane? * Esg. 3Q. (by letter)"*.— for modi- 
fied stiffnesses (which the writer has. termed “conjugate” ‘stiffnesses) 


and carry-over factors members of constant moment of inertia may 


wh. 


in which = modified of AB at End A; Sar = = Gu = 
_ stiffness of Member AB or BA; 3 Rr = the summation of the ae 


esses of Members. BA, BO, BD, and BE, at End B; ;and y the carry-o over 

Instead of using t the cumbersome Equation (8), or the ‘author's Equa- 


tion (3), which in. certain cases can only be solved by successive approxi- t=. 


; _ mations, the \ writer suggests™ ' the use of the following approximate equation ; 


distribution is compensating, (10) is recommended for 


“modified stiffnesses_ and the carry- -over factors can be obtained. Therefore, 


a graphical method for ‘solution i is of value, and the writer uses  nomographs in 


11 Scholar of ot National Tsinghua Univ., Peiping, China ; State Univ. 


Received by the Secretary January 5, 1935. 
rat, The Chinese Engrs., ‘Vol. 9, ‘No, 
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B . Neither does it check the moments where there is a joint translation in th oe 
_™ structure. The writer prefers to check his results by statics and then t & ae es 
5 

fielc iter places his undergraduate 
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than 2.08 per cent. As the stiffness of a member usually cannot be determined 
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Feux H. SprTzER,” * Assoc. M. AM. Soo. letter), rusty, 


—— 


oo] of structural design i in comparison with the original Cross method ; a 
but he cannot ‘maintain his claim ‘when his method is compared with the 
modification of the Cross method introduc ced by ‘Te Grinter, Assoc. M. 
Soe. E.* which has reduced labor to such ‘an extent that frequently 
the calculation of stiffnesses ‘of members and joints and other preliminary 
work common to all methods, becomes the major part of the work to be 


to the of “modified” tia: of additional equa- 
although ‘simple, ‘Mr. Lin’s modification lost: much of the 
simplicity so characteristic of the Cross method. This desitable quality of a 


simple physical process easily visualized and remembered, i m more 
apparent in. the Grinter modification, where the joints, which: visual inspec- 


n accuracy sufficien nt for the purpose is reached. ath tii 


purposes difference i is s small to of no importance. 


Harowp Assoc. M. Am. Soc. E. letter).” "__The 


ealled “direct” method of mo moment distribution is presented in this “paper 
a very satisfactory manner. Several engineers have previously ke 
their preference for a single, direct distribution and have given general équs- 

tions which evaluate ac tual end restraints and lead direc to the final a 9 
hi Of the various forms, however, the v writer prefers Mr. Lin’s presentation of be op 


‘equations for correct stiffness and carry-over factors. His derivation ieee 


a quite. logically in accordance w. with the basic sequence of a, so nicely — 
outlined by Cross in his fundamental ‘method, a ‘treatment. 


emphasized concepts" in terms of simple words and “numbers rather ‘then of 
_ subject to a number of loading conditions, will find it worth while to become ie 
familiar with | this direct method, or some other abbreviated procedure’; 
but in classroom. practice, the. writer feels that, better results. are obtained 4 
when moment distribution is taught with a minimum “number of. equations. 


That, of means 1s teaching the. basic. method. The two 


posed by the author, although simple, are not easily remembered unless one — 
Ss is using this tool of analysis constantly. Incidentally; Mr. Lin should have 
Structural Engr., Dept. of Public Works, San Francisco, ‘Calif. 
186 Received by the Secretary January 12, 1935. ts 
4 Discussion of the paper by Hardy Cross. M. Am. Soc. C. E., entitled, “Analyses ci 
of Continuous Frames by Distributing Fixed- End Transactions, Am. 
C. E., Vol. 96 (1982), pr - 


_ 8 Associate Prof. of Structural. Eng. and Mechanic 


‘State towa.! Towa 


See methods proposed in “Continuous Frames of Reinforced 


Cross and ‘Nz D. Bombers, Am. 
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sequence in design. 


1085 ON ‘DIRECT OF MOMENT DISTRIBUTI row 4 


the ‘ ‘Synopsis’ of his paper, the author might have ‘qualified the term, 


“exact.” The ‘method is exact for any structure of the type in n Fig. 17, whic 


does not, contain closed structural panels and in which the conditions 0 


: restraint of “all external t terminals, such as those at A, ‘B,D, E, G, and H, 


are The method is ‘not exact for any structure, of the 


1G. Fie 


assume initial value for. Rac or. The author notes a casein 
“his Example. 4, It is further illustrated by his assumption 


aes ‘Ordinarily, ¢ one can estimate these values closely enough so that the error 
involved in final moments: is of no practical significance. It is also well to 


keep i in mind that the error involved in moment distribution by. terminating 4 


computations at the end of two eyeles 0 of distribution i is 0 no con- 


by ‘Mr. ‘Lin, of the well- known, Cross ‘method of analysis contains 
is timely to note that quite ‘similar 


tion of his. equations for the modified stiffnesses of ‘dis ‘members’ for 
« carry- -over” factors. Other writers use the slope deflection method ; 


fundamentally the two methods | are closely. related. 


a Analyzing the work. of three writers in this field,” it may be noted that a 4 


algebraic transformation is sufficient to put, all ‘the ‘results into 
ee 


identical form, if a commén definition can be written for the “factor 
of restraint, ” "Roa. ‘The’ expression by Mr. ‘Lin in Equation (1) is ‘the 


"restraining effect ‘of the several ‘members at a joint on the member under 


consideration. The factor of restraint is variously defined: Mr. Lin ‘defines 


others define it b 


in Lin’s Mr. E. B. Russell,” ‘defines it as, 


8a by the January 1 16, 1935. 
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‘ 


whereas, L. T. Evans,” Jun. Am. Soe. and T. F x. . Hickerson," M. Am. 


the foregoing definitions, perhaps Equation is logical, 


“be ecause it has a value of 1 for the fixed conditions and 0 for the hinged | 
__ Considering for simplicity, members of uniform cross- -section, the expres- 


for the modified stiffness of a member i in terms of the degree of fixation” ~ 


which is Equation (3) developed ba dies Lin for “members with constant 
oment of inertia. The extension to a more general case is obvious, 


Bo _ The idea of the modified stiffness of a “member reveals a new concept. 
Thus, in addition to the dependence on on the length and cross-section, the true 
stiffness is also dependent upon the degree of restraint at the ad 


“which is Equation (4) d "developed by ‘Mr. Lin, 
BA inf 
In the modifications cited for comparison the equations developed 


a for the general cases, and many graphs and tables are prepared ; but still 4 


a writers define : some similar coefficients, such as R, , differently, and thus 


the t transformation into the form of equations as given . by Mr. Lin is not 


quite as obvious as for the case shown, which i is by far the most i mportant one. 
The method s seems ae be s somewhat longer for. the simpler problems than the 


usual Cross method. appears especially inconvenient for closed 


frames as in Example. 4 where ‘several trials may be necessary to check the 
of R originally assumed. However, this ‘group of modifications is 


‘significance for the cases | in which there are several types: of loading 


=.) the same structure. The method i is also satisfactory for the simpler cases 


the assistance of the extensive tables: now available.” 


“Handbook of Rigid Frame Analysis,” by L. T. Evans, Jun. Soc. Bdwards 
_ Brothers, 1934; “Structural Frameworks, " by T. F. Hickerson. M. Am. Soc. C. E.. Univ. 
Of North Carolina Press, 1934; and qe of Continuous Frames,” by E. B. Russell. " 
2 “Handbook of Rigid Frame ‘Analysis,’ by L. T. Tun. Am. Soe. Edwards 
Brothers, 1984 (In (174), tet f=1— 
“Structural Frameworks,” by Hickerson, Am. Univ. of North 
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; ur “EVANS: ON DIRECT METHOD DISTRIBUTION 

L T. Evans” Sun. Am. Soc. C. E. (by i ad 
eS engineering literature is contained in this paper, but it is 

regretted that Equations and (3) are incorrect. The first error is 

introduced in the assumption that a moment Ke = = applied at 

End A will produce a a unit. deflection at A. the modified 


= EK, (C, + C, — + R) — 
which, for the of the problem, reduces to: 


in Ke fc of the ai is the 


of inertia of the member. For a constant moment of 1 inertia, C, = 4. ae one 
$i, Since an external moment applied to a joint will be resisted by the moments 


in the members which will be in direct ratio to the “modified stiffness” rt : 
each member, Equation (1) should be: 

ade 


1 ba = 
author has been inconsistent in using modified stiffness Members 


Bi, B2, and B3, but not for Member BA. . In order to obtain the correct _ 


for the as stated, ‘the modified stiffness of Member BA must 


¢ 2 


ed in terms of the degree of restraint at End B of Member B 
» fra) Equa tion (16) s 


Kam 
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iffness 
2 the modified stiffness woul 
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pplication of the method of restraints, see 


if sida ti bois 


abn ° 


for constant, moment of inertia, snd 4) & for constant moment of 
t is to be noted also that the author’s (2), 
apply only when the far end of Member AB is fixed, which introduces _ 
rror when applie ed to continuous ‘structures. Equations 7); to (19) 


are and apply 
Rea = 25, in the frame of ein 8 be to: 


bos’ Om q ot 6 (3 + Sac) +2. x 


‘Jick could yield R = =. 25 only for the special case of | fac = 1 


a DA, DE, and DH do not fix End D of CD; er W 
unity and, therefore, the correct value of this R is greater than A 25. . 
uthor does not give sufficient data concerning Member DE to allow the a 


akes i to consideration both the beam coefficients and the 

actual degree of restraint at the far ends of the ‘members. 
Although one may begin with the fixed-end moments and make a correc- 


seems more direct ‘and. logical to use a ‘moment that takes” into 
onsideration the actual degree of restraint at both ends of the member. For 
@ imple; consider the frame shown in Fig. . Let it be required to compute 
the ‘moments, M a and due to a concentrated load of 1000 applied 


at t the cente 0 ‘Span AB. ‘The Che fixed-er -end ‘moment = 3 50 Ib. ‘The 


3 x 3. 8 a 5x 4 


ina manner, » fra 


Jab 3.72 23 ; 


@ = fe ) « 
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AY 
ae 
jj. degree of restraint a | 
ube: A of AB is fav : 


x + 3.005 ft-lb 


mol 
; after. been ‘ 
_ completed, and the results totaled. It i is seen that the “ ‘method of pecorino 


~ provides: an ‘easy, exact, and rapid ‘solution and is especially adapted t 
of such as as indicated | at = on the columns 


the value, and the effect of by the 


Although the greater part of this discussion devoted to 
“out inoonsiatencies, writer wishes to make it ‘clear that 


a in the of the material the | deserves . 
through the hard 
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